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DS726 
8,11111 111 II ArMiitiii A •tCi u A i •iiiliiM Aiinijiimiai 
•fttiiyii *siMt «i»ii«ft »« ft iii^iif U9ik vim m rtuitf 
i r Htllli SiqpMiA ^iMii lo fiirtiAi. i^fUniftt f»r lh« Amvi 
Jttfl«it«fflte« ( X«iii^i«I. sa«^tt«n«f M i Saali« ) l» M«tffi 
• f ii*«ifl«4 mmt mtffimi m% ^ iiitt iiftltr m gMliMMt ««i 
•l^i»iii#jM ftr til* Aiwuri •£ Aif vli^r <«i^ Pt« tv ilfi^»M# 
(U 
mmmmmmmmmmmmmmmmmmmmm(mmmmmiimmimmmmmmm 
UifftiH mA%m 9faf»vti%f lULiiMii iw Ms f t i tat t t 
M i i«f»tiMi • ! Hit f»i««M« ttat fftv • • i« mmimi 
m% Hilt I f tMtr t i l lM «ifli* 
{nj 
'kmi..M,vfAJ:'m Mt All 
iiiwl III «n •iuMmimi'iiiiimmii 
With m^ istrodaetian df eat»«itt« Latiita in 
Inittttty ftiit a«v«lo9««iit 9i hipk 9&9^i t»ol Ml&ri«i» th« 
probXfts of l9ftr •otttimidtig ao^i^la^ oiitps 0O«iBp out* tmiit 
liirtitir dttotiis «atortal8 la irdttio^ iioro sua «or« e«ri»tift« 
mM w^fn 0tdp^ «^ a2.« au69«atie lim* Hit odMMrtialijr 
fitraUnble f i r is t»al. hsiSors wiHi >staf9 oiiip brdsiiora 
ana tli« vldax eiiip braakar to si ^l89 aaffar with tha 
dtaaiv&Qtara *f tuair uaafal{|@sa JdXy 97ar a Xiallaa raa^ 
»f apaaaa a»e faaSa* With t&a ¥ia&ac ^ifl>raa)car taai fciaiiara* 
tha aalaottaa of aittlabia flliiiHbr@aIcar viaifo o^r aaaH sat 
at eattiB# oooaiHaaa % la ala^ qalta oai^iiraaaa* Biaa ttia 
aaaA far Ilia dairalspaaat of a oiilp bra altar tddlf aataaatia* 
ally aftapttftr ^9 tk9 cattiair oaaiiU^ae lamilair ta ma 
pr^aaatiaa af only OM ar tua tisnia alitpa at all apa i^a aai 
faadat a l l l l aidata for affiaiant vorielair of aatoMitIa 
•ai^iaaa* 
ma l^ O.CaB* U^l propaaaa by iiiaaoaullab (7 ) 
•®y proira Ita nor^i for adaptive contrsl of aiiipa* iiafofa 
it la fttlly iavalopad aad ooma o.ally aioptad* a aariaa of 
4»xpari«9atal iavaatirrstiaaa mro t^ ba parfsraad to opHaisa 
it» vnrioua i>&ra«itara* 
la thia wsric so attaint hae baaa aadia td usa 
taapars^ tara aa a aritaria for afidiantioa of parforaaaaa af 
U"J 
dill* bPdmltar tcsoit «ia4 tb« |>@rfor3aoo©s 9f E*a«S«ii« 
Alii s«a«C«3 tOdX Iifii9« b«»ii «o»|^ &rai in ttrws o£ toal 
th* h%9t roXI«r •&»• f»r Hit Uu«a*2 toal aad i ts ojHiwa 
£»$>«itl3a« tHi th9 too), ratct faot for o££«etlf« oriifbmaliittir* 
(JV) 







fm I^« ni 
tafoU K 
faint a 
I typ^B o£ Chip asd l«M«f« vitii»tit aay sbip 
Brsaicar* 
I F«r£9r«aft0« 8f &*C«C»B« iritti i«f«l atirX* 
I Farforsftftea »f s»Q«3«B« with B«v*X »•#!•• 
3*5? 2,»0* 
I i'erfaraiiQea ojt i«a*a«B» with dollar S I M 
faliU /:xi I FarforsftftM o2 {•a*a«B* wl^ EoUar S I M 
ftti^ i* IX • i'«rfor«iaQ« of i«a«0«B« vith l^llar S I M 
•6» 
t ^^•rforaaeM of il»a«3*B« with aollar S I M 
t F«rfor«a«o« »£ i«a«a*i« wltii aoilar SiM 
9 «Os«a* 
y 
lii , §,,? ,^  f , f i ,^?M„tf 
Csast.* »©*!• Vliti far DL£:oroat 
fdx* A 4:>'> &»a«a*B* H O I at iif£«r«ftt 
'^ii9% Width vltuia rn^H limc«« 0iil9 
'''imm (4) I iiriritini of imi »ik f«^«rattir« At 
ftt a Cdaataot Fno* vidtli tor asd*r 
3roic«e #11 pan' 
^lrar» (5) s 3ff*cl f^ ?««a aa ftaptrfttart at 
oaastaat Mea a'ld^ fdr ovar brskaa 
fifttM(6) I O9i^ari0ai9ft at Maxiwa faaa ^um foi 
iftacttira ahip Bmnkiin tfith ilffanat 
riwira (7) I aoaparlaslaa »£ alnlaua faoe vidlb 
£oi* aCfaetifa abL^ braaiciaf for Slffai 
•aat &*a«G*Ba* 
nprara (8) i ?nriiit|&a sf ?aal Saa^ratara at 
•fixiKis faea vid«j far fffaatlta Cht# 
Brafikia^ far iiffaraat >^iilX9r alaaa 
of .us«w*3a« 
flrdi-a (9) I /arlallaa jjf .aafaratara vltb faat 
«t mumm %ea Vl4«i at ^ffaetiva 
&iip Braaiclair fjir ^iffaraat iaUar 
stsaa af i*c»G»iia» 
( ^ ) 
^lirar* ( to) I 
nmf* ( t t ) I 
fimv (12) I 
nmMr9 (15) I 
s'lifur* ( l 5 « t ) I 
^ l« ip« (14) $ 
Hmm (IS) I 
ili;#ctif® sSup i>r«*&klt^  for 9Ltf«r«fit 
Eo3JL9r SI St* 
C3»9aHii^oii eiaimia fao« Width f^r 
iff«etiv« Qbip iira&i&iof for Oifftmtt 
r-ls«e of Holler* 
Cdaataiit irlSli '^ffeetif* Ck!tlp Br»«ictAf* 
WiflHi for tho litet siMd E tUt r 
l*««pftriitttr« Charect«rstio« of B«»t i^»il«r 
S i s * ^mOtQmd* f o r B i f f t m n H ?ftC« tfiatllS 
a»ii]^^rigi«loti of fssiforstftir* obaraattrstlei 
of 7«&ai*ii« ^oii»r ii«a*a*ii M& 4^» s«c«a*B 
&t t^9 eaiao fact vlAttie 6*^«*«« 
CoapftfiMioa of Maxima and Hi'ilaiia faaa 
¥ i a ^ for sff otiva Oiip Sraakiair for 
7«ia«»* 4ol>ler aiaa i«a«C*B aaA 4^*S«0*0«] 
^WJ 
mmUmJLtJmJSmJkmmmMmJm 
S abi9 Um f i rsts waM%B 
V »«l i i i t •€ Hi* w%llmi tW9m %»9l tmm 
t iniiiteiMi t f i i i l t 
f Oiinftff f t l t t l l f • 
Xi8* X t f i t t i ^ S « U M 
i^l«$ 8«iiil«r X« l t f i4 t lMt« f l f i i Utmm 
I«t«4 8«#tlMr X«teiiAt«Mt« fd«r l i fMi 
i«x«f I^NHAAI^ l««»fiAtt«ftt« ibpM unm 
K«X*t ivfttlar X«t»niltlMit« t«» Uww 
ii*T* Siklf BlVM* 
&jKMMMidLjft«iNLiAaM» 
U s l f t fuMsM 





$tt f i i l l tM9»yfti«iii •47»« 
f#} Oi i t t t i f iv i is •4$,» 
»•• Qi t i l i t f i M i i i t ail» stMiMy .^^v* 
§ • • 
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i t U l f t f SWilMIt llkly i fMi l»y 
^ ^9w ^"^iW^WHiw^WJ|p^»^P 
! i»4ift^t» i f a«a«a»B« 
fmm wum t f a*C«c#s* 
% t i U t t | « | 
Atef l l f i t ^ I M W 3f i^ l9 t 
Mvp%rivientiiiwf9giiw»^i9n 
w%tk mA%9Ht3k 
f»« l I f f t l t H ^ 
f » t l 8»t l i f t t 
f » t i V i m n i f » t m i i t » » 

















Vi«i tut i«v«JL09«Mal of mw oatliwf Mt«ri«ia 
wl«i hi0 for* staiUiliy iftfttait ^ » avtrni* wttta^i i0««A 
I t M t a l otitt|«ii bac tsortasta •9&ftia«f«bljrf ittor*«M 
ft Mv pr»bl««* Hi* aotttittaviiiiljr fl»wl«fr i^lp X9^ to lli« 
d«V9lf»PMiit of Mv i^ip tirtakerot «Dlob are oittior 1« tfoo 
for* of froovoo or pro|ooto4 o&otaoloo ferotOff o otiarfo 
l« tlio ratitio of tho oiilp ooli witli oooooqaoal ortalslaf 
aotlOQ* fbo MOitaQlaM of ohip iirda air aotloo havo Oooo 
a%«iia« Of soror C 1 >f aoorllEaio (2lt yoo a«A anaffor (})» 
nmiti (4) t fiorfllia«ti<^)t • a«H*Ktiaar (6> aoa HaMoft«U.ob(7}f 
Solj l Okaotilaat fotaatarat Hsilil (s) havo ooaoXaioi 
matX^* oattlBff foXooi^ io aot ioeo than %QOm/mi%y «M 
fbo l l f forottoo to euttloii^liao M t U o tafiaoooo oo tho dotroo 
of QUIP Or^aiitoir «iiOft I t io loeo tbao 100i^o|«« Hio Xovor tha 
eattlo^ voloeity Io loto tiio fioor fUeos aaif Or«aliaa«oo 
a onttlof opooi of Idf^/olo liao booft ooXootoA Oy aatbor* 
tha aoooasltjp of ooatroUlfiir ^o 0^19 loairtli wao 
fa i t o«i? aftor tho iovootioft of h i |^ oattlttn foioollf oattlot 
tool Mitorlal.* fhia UliU oattlap^ \rol00ll9r Io aiblofoi ly tiM 
0^19 flow is out of ooatrol ^ci i 09«9ss«A viHi «ia« obtain*A 
at ^ o sore mtoraU «^Mds ttatA with H*S«S« %• •odarato 
»9«@a tiaa a «Rt»x«3^  taaAaaoy to mrX ta* obit aoA otoii^  
braaliiQir ia o£fa«tiva» I t iaoc^sorvoa that i t tiia oaao of tarai 
*air ittttiXa ataal HatariiJia witii (^fbida tiytwd tool i t binii 
ottttittn valoai^ a oaatittiioaa ttkip i a i»roi«oad* Ibia 0)119 
la last una a ataal ribboa aoYiOf with iraiy faat rata* I t 
ia hott tfo&rp aad atroat* I t lof t to i ta ova aooord^ i t aojf 
aroata a» aaoy troable^ 'tiiiH eaf« ae foXlowa t 
1) I t say hano tha oparator * 
2) I t May spoil ^ a •aohino aarfaoa* 
3) I t aajr wiai «» to tho ^oh or t o ^ foat* 
4) I t aaf ha avaa iaeoofenCaftt for l^a oparatiott ^ ^ irtioia 
of aiitowktia JLiao a«^ at^pt 
sof ia ordar to ohtaia Itia •axiaaa affiaiaaoy a 
auit hia aoahaaitt ntat ha profi iai to taHa tha ahipa iato 
aaitahla laot^i hafora t^ ajr trifiirl. aroaad tiia tool poat ar 
woi^ piaoa« 
l!ha advaatftfaa axpaotad 1^ braateiair tha tfiipa iato 
aolt^hla laairth ara t 
1) Iha ahtpa ma ha dia{)oaad off pouaatiMdlf or hydraaliaa 
t i l* tH* mX99 vnltt* of Hie od»^ii««d oaip i s iiiiAtsr « 
iv« S9d4 aiirfeioo fiiiiife is sosar^it 
«» Opsrstsr ss£«% is si9set«4 «o N t«8iir«A« 
fsri9iis snip brsalMrs iiavs l»sstt i>r»possft s» tsr 
b9% onXf sbstaois typs ebip hvmit^VB hAf bsss »4o»ts4 
ssinsrsisUy ^ Ssttftvii C^rwisftli (9) for i ts f*MB tosi 
hs l^rs ant iflAls (10) for i ts nidwc h^ tooi • Both of toss 
QiAin taisir tiroiOcsrs to tMi ttasful. for s U preiotisaX spsoist 
foots iMit villi out ftoy oxporiMtttfil i»roof • 
As r i i b t i f statdil ^ iiooriHisso (2) « tho ship 
broskor is • ^ iXd bora out of noosssity** A idosi ship 
^roakor will, iw «^o wiiiigi l i f t s tlio ohip f r M tbo tool fsoo 
oarrios i t to m* lissl of «%• ^ip Droiiliorv a l l i« o nootlo 
aal soft swoop aoA fivos i t a poraaooat oorl so tnat tbof aro 
brokoa iato ? tura or goo tam oalyt at a l l spooas aa« 
foois raaniair froa rm0i taraiai^ to fiaisiiiair oporatioa 
nsfti is ftiitoaatie aasfeiiiosw la antoaatio aaihiaoo tbo tool 
oast bo oqtiippoi vim mm a ehip brealiors whiob autoaatisa.iljr 
aiopto to tk% aarliofr ooaditioaa Itmiitir to prof a m A typo 
of ohipo at: a l l oattiair ooaiitioast HaaooftiUali (7) Oaiaoi 
%9vm i*«* tev«X ailp2.« fl^aa^s autdsatiotlly i« ttit post live 
dtr«otioft« t% mkm tfots £»8« vldHt to vafy aa«»«ati«aif vitli 
lit* ir«r|fttl»A of oii Itt«ir QonAiUdOf 1^ « optiMM postUeii •< 
«h« roUtr »« in* Urn vlitb wi»t v* iMomi b«Miiiit if tb« 
£««• wldtti Is lftnv« «f X9V «^««a« ^« oblps ao att •«•« 
rtQOb til* i*o2Jl«r m^ at S^M UMIQA tli«89 strlli* ^l9w «^ 
r(»U«r ana w% Hftafii^ r iftttini'pt@a iratttair raa hot* fa aatak-
llf^i 9Hi««« tmm wldtti &•• ««t kaaw thoro^ l^i tba ••ohaaiaa 
of Qblp fom&iiif aaA iftiijp braasittir ana ^^seafii axi>ana aatal 
lavaatiin^tiaB s must be per^mel 
Ilia d^siira ttt ii«a«C«ji« t ussd b^^ aaMoAaXJUti (7) 
has baaa Xlttla aa<ll£iait ^^  ^asira tha rdUar raa% »a ttia 
iaiia faaa at Idia taal ta reciuf!^  iti^ m^ tiatwaaa tha railar 
aat tha micafaaa af tha ttal ao that tha dodiaa^ af okiip 
iMittiff iatmppafl U mia ff«s» la j^ ataaaA aaa baaaa^^raUla^ 
aaataat ta a«ii|aYad* 
has 
HaaaaftiUaii (7)/#ia«a taatabVea^  »a thaorltlaal 
bnaia tbat tha r92Xmr mim mmXk ba k to 9 «*a* raAiaa 
bat It aaada axiwriaaatal asnalai^aaa U dtatta tha ha at 
rdUar aiaa aadt^® sptisaa, ulaiwis fta4 aaxima £aoa 
wi^ tai far thf^ roUara alaai i«a«a*B» marafora autbar 
haa aadlar taiiaa thaaa axpaifiaaataJL tavasti«rAtiaa ta aahiavt 
fli« author has Ri99 aivsiimti and £abticat«4 tooi 
voirii t^«r«»ftd(l9l« Slid trl«A ts statcfi t#«ptr«t«art stiiAie^ 
' • 
a«o«C*Bs vital tarloiift rt>U«r slstc bav« b««a ed«9&r«d 
qwd ltii%tv«ljr i» ««m» ftf ^ypt of i^iipt pro^aMA mt <itiatt%i« 
tftliv«ly in U r s * &t otttiiiAfr ioo^ L i?«B£)ora«ur«» 
m« tMBt ro2JL«r elsa wiaUL b« thati ^iob •Mibltts tli« 
r»3Ll«r %9 b« smmtvi at th« Xmttmmi di8%a«M frd* «li« %»oX 
%i» a» ttiftt tti« t ip is mt Xoti^ ad aMitiianaUf ft«A ^i^ 
irtv»« f»roff«rr«a lyii* 9f obi^s tor l i« lar^ast f««4 ra9f«» 
ixpariMBtal. iAV«0tiir»itioaa baye baaa gertormi at a ooaataat 
ife«A 9f t09n/«ia beaaaat ^ a oaad af aiii^ braalMra iMaaaea 
mfw a% apaada aboira lOO^/i^o aa ia o^aAlaftai 1^ iCaiji 
omittibiaa aafl faiaatara mmt (8) 
I t has baaa e&odiiaea mtUf axtaaaiva ai^ariaeatatioa 
th^.t boat raUar aiaa ia 7*6 A«m* «bi#i ^lana affot^^l^^ Q i^» 
braakieiF at 8*3 ««n* aaxiaita aai &»0 a^a* aiaiwia taaa vitth* 
Sasdvile baa praviaai UkWrnt atafa ia i^» p*t|l^ 
iaaart wl«i a ^ ataiva ebiji braa^r ta aaica i t aftaotiva ia 
U 
fM i l * fh9 tAbl.« fo r eil«e1tt»a 9f widtfti of et^ip bronktr for 
• f f«ot tv« ^ i i ^ broftkltti' for a i f to i ^A i •a t t r i f t l c «aflbiMd ^ 
t o o i t of d i f f«r* f t t twkm aiip2.«8 ni aiff«r«Q% ft«A» irivta for 
wi i t f t i t i i9 IkToiiktr toi»J.a ( ii^ «6a*197$ ) I s qui t* 
Hi* V9tk «3«ipr«Mi9« %ak«t »l»<m Rh«a4 sC «ti« outtitf 
#«!!•• £li« litfer twiair ttil i» loadtS t* ^ « f i t l i point* 
At ft e r t t i te i •^•ai* taXti* lOlafilio flaw oeoitrs nitA^ * 
pint nanotQjP t^irdui^ tii« otfttUir odi^* 3aotiX« •at^riitXt 
9nn bf ttrnlMaj^War to a hl>»h a?»rp»» without raptara a t i 
th«| foMi e9fttl!iu»a8 dil? vhfttt tfeachlasa* 
• f ^ « Moliaiiios »£ forMtldft 9f e9QUiia»«i» (riiibot |y9«) 
#iip«*; "{• a«ni««& tUal l^« prooftss VA* OM »£ tli« tKipyU 
«liiirAet9i°lMa bsr « #i»iir pl$e Isttndliiir fr9« tlit %99X t ip 
t» th« l9t«r«totla« »£ th« fr«« pirfaMs 9f iai« ol&ip aai tb« 
w»sk pl««»« 
At ft iat«r fttaffo zomt (1) cufftsfci looi 
fdrnfttioQ iastdfti of a plant at the traatition 8 » M mti 
tu i t im« cttpi^ drtntf 1^ MYtrnl. phato sittrofirapli* 
9itt sttftlft tttrattt ftia^M %B 09«pma«l»i foXXows 
as l« taaaiott »a2# ^ a Aiffataaoa l»aiQj^  ttmt tiia waalaaa 
of 
la atiartsaad laataiiy^Hwla^ aXoanaiiad* 
Bia aoaprftast^Q la mtnl otiitlQ^ oaa k9 Quli9i aa 
oonatrslanA oovprt&siofi siaoa tba Iii^ar balar aat ic bovai 
to iftat of Hia bXaidE* 
Da^aeaaaat tfcmvB btti^aa imrtlfi&aa af airyatiaXX* 
laa # rralaa la a aaao aryataX aad batwaaa fralaa ^aaaaXvta 
of 
• f «li« M t a * %m «i« ff»fl»«t vdfii «• «* • fttt —wmtm^ w * 
V l« l !&• W t f t M i H • ! i ^ « i i « i«fOimti9A i t «l« # M i r M M * 
¥ • ftm •MwnMft t id f v i l l i tii« f M t t i f t t dst H tli&a tut 
• h t i * mm HMHI M i i s t ftti t t o t ism to tela M f l s M i l a s l l t 
M f t t r M t l M «i« i«il« ! • t t f t t i M i ftAft «• haf« «• •m^ m i * 
m^tptrlf t»r «iv»l»»ltfr m wfmt mUkH Ur kr*«lil«ir m t 
tfil»»t 
0»«ll«iiM« fl^lf sf^ » l ^ ^ i M l ittrlftir t t t l t l tp t f 
iKft&fVt ft t M H W M f t l i f t V t l * isf»9WlU9ft I t ft Stftt gftftfti 
• f Ibft « » a H » ftH flff« C /<^ )« ^ l « • • • • ! • tftUfti 
ttift frlftftfy iftforvfttlfttt »§••» At llift ablf ftllitoft ftltfti tftt 
t»« l tftftt Hit tftfttlftft bfttifftftft «b« ^ | » ftfti « ) • UtH iftftft 
iftfttniitft tiift ftfttftrlfti fiftir ftfti ft ftiftOiMUdy iftft imtlftft —m 
Ift f f t i w i ftNtir llift iftdl ffftiHi fnftft* 2M ftxtftfti •< ttiftftt 
MMNlft iftiftftift ftfOi ttl« t l i l t l f t f «9ftiltlftftftt for Iftftlftftfttt ftt 
Xftw ftftiUftf wftfti mft pvlftftiy iftfftffftfttlftft sftftft tftft ift 
fftiftfifti ftft ft tkim mmm At ^liis •»%%!«§ «ftftift ^ M mm 
Ift fftfy tbift ftfti oftft ift ft99f«iil«fttfti 19 ft flUftftr iklftftt* ftt 
^ • 1 . ift m i I f f ftlfti ftfiftfttft Hift ftstftftt i t Hitfti m * t i • « 
«»9li M i t r i a l ifitlmaLl^ 4«fef«t tsto «ii9 9V»f a «ii« 
tmtsltltft ^t wmfH^Sk trvm mtk fl««t i«tt HM * l f &• tvtr 
ft tftrrtv Mffltft* 
lli« «^t9 A»fl«f I t f99«iiti9ft •atr l t M t l i t n k U 
wmrm »« ^« t9»ll £&•§# I t •oadlHsft »£ biili fn«ti»ft 
«ai aa4»r tatttiiat «9(t$iti»ft(i 9t wmmmm «•€ %«i^r*liiff« 
Hit tliip Bat«ria3L i t aiata«t vltli H » i fA«» f«t «•!«•# 
»• to tti« t*9X« As th« «tttl«ii «ftfttl«M» it tmtkw mm 
•fttarlal. «8t fofm « bailt «f t i i i * ( AS atitwA ! • <!«§( i b ) 
Sbt tbip aRttrial Mit i&l i * * avar tii« tmilt «f t in** &• tall 
»9 vAir* #••• v*MiM a i t i ^ * I t «itttliiii»ti» t t #r9v t u i i t 
lM«tM« a«ttebl.« aai aaiar tM aatiam t f wttlaff f»r«t « 
p«rti»« af I t liraafca iov« nbU* tba raat of I t r»aala« 
•tialclaf v i ^ ttio tool f»io# h portloa of tho irokoa ipart 
Kooo vlth tbo mi» wtiiio tUftt alaoo to vork^ Flooo fooo vltii 
tb« wMiilMi mrimm^ xnis iottvloffiitea tiio virfMo flaltfi 
• f tlio «i«hliai mvtmm*' tbo part of B«lf*B« roaaialan villi 
t6a totil acala atart frowlAn to Mpaata ^a akofa i f i U * 
maa tba alio of B«0«i« foea oa iaafaaalair vitb 
iaovaaao of oattian apioi ftfti f l iaUf 11 la otnlatalf 
aliiAaatal at vasy iilgb MiaaAii^  
m9 Matoatlaattta mi9B art 4iifiiai lata two tf paai 
lit* fiT^y^t^if\a^|IStatNI l» waU fraipoftta M«h 
JL 
wltn «&• •§•»«! ^9t 91 miP9 m%% enttlSf liifiaf i r t t t U 
AAA i9v stMiMF^ ttaltritla Uk* mm «••! lro« M « ftMi»M««I»« 
flit Mt^Ai lyf* t f ifelp Is prtftKAAi 19 «»aHsti AOH»« t f 
f^ fts%t« iefonMtiM M i fr&9tac«# SisM saiH «iil9S ««• 
»l»«aiii9t l« i»«iiifil«r Xw m%nn^ mUti»X9 i * l * •«• mfttr 
krtaatst baffi iit««l» M S I irm e U * 
Fip (2 ) (ittvs mt wohaaios 9t fofmtita »f w i ta i 
lypa 9f * ipa* At ( i ) «li« aollta 9t HA hmm ir«««t«Bl.lf 
i»tQwm€ a aaaU pertiaa 9f VSNTK mtaria].* wim f«nii«r Iraval 
• f toal ttia 4afa»M4 MlariaJl i^aa nf aiaiMr 4^ « taal faat 
aa« al0» ^ a fatlaa af lOaatiaaUf Aalarnai taatavlal la 
aal«riraA« A «paali alartt la tut vatrk aatarial. aaar tua laol 
lift- fba aalarialk la aaat&at Hil l ^oH Itaaaaaa aiatat 
Btatlaaayf villi farliia» t a ^ i»afa]^ # f^a airaali pata aala^aai 
aai aitraaaai ta tfar«a Ilia fraa Mffaaa af vaft Maaa* ma 
ght; airala aiarta lAlilaff »Xmm «i« «9»l taaa villi iaflkar 
aaUr«raMal ai ivaafe a aaaU fiaiMat 9v vark aat^lal «ala 
aayaratat* XHa »raaaaa la rapaalaa a^ala vltti tba tfatal H 
laal* s»«b a praaaaa 9»f alili» fataallaa axarta aaalUalaiy 
auttlair faraaa aa ttia laalt 
vitti aatanal af aailaa «iaiifi«y lia^i aaaHiaaaa 
aa€ ilsaaallaaaaa onifs aaa H aktaiaai aal^f ailtaila 
aaailHaa at ram aan^ a«< iafiii §i aat* tta tfaaalllaa 
daaara mroaffH ra^rlaa af pttrllaUr ilaaaHliMaaa* mip i t 








(a) covtinuous chip 
ibkoT) tiwous chipwithRUL 






'^ ''-^  0*4 0*6 0*5 i'o 
F J 9 ro TyansitICN conNfuous to 
i»iM fay 8«M7j4Ni ftttft Faiatr ( I t ) i t iU)tti«im««i i t tiw (3 ) • 
A0 •tftttdA^tiMjK (26) ittrian #ii» f»nMiU»a »r»MM 
• f l«ronMflott M»mmPB ia «i»« £»?« of ^•«ti M i Mtat^titAtly 
«ii« «««9tr«t«M o< 4ifftv«l«ir Ml»i?i«l ifi«rM«t» t^a %«• 
•trni i ia* 9f MH^riaX !•««• to «»vll tiftrittt I t vHIU I I I M 
i«9Mfi«t Itt «««9tviilii« l*»<l« t9 •»£%•« tl« Att iivtHa«t 
okwrva«t»« oblalMA o»ftfl«to««if ^ m^ m wmmrm vortor 
la ttipt «!• raMlt9« ibMr 9m»9mtm% 9t otnttiaf f»r«9« •!&•« 
Iii« ihaar piAM i t i^rtftfliOMli I t i^t mmmt f U t t tvtt* 
fbit I t Il itttlrtttA i t nir# iA ) • mt I tUr t ty l t t liit t t r t t 
tx i t I t a»t I t Hit f i t t i& l t f l«rtt#t» ^111 Hit m—t t i r t t t 
tlotp «lit tbttr 0Mim rtatlft tttttatit- I t ttttJl tttl lt ir lot 
t f f t t i »f r i t t i t ««t9trtlttft mmel9 iwlLtftttt Hit ttrk n 
litrittltfp t f t t t i int I t 9lat$i« dt f t r t t t i t t r Hiit l l t t btt 
i t twirt i t t t t f ttttrtb vt f t t r t %u i t r t t l l f t i t Hit ^tttlMXIly 
t i tttitir t i t t t t t i t f i»7ttttt t9f tftf«tfflb I t t l i t t t t t t t t t t t t 
vtfy blpH tlriittt M i t t t r t i t f t lYt i 11 ornate t t t t t t v i t l t t i 
wty to itttnOktt t f t t t i t f t l r t i t i a t ai t t* dttattt t i ttM 
t t t i i t i i ^ of t i r t i t to^»tttMll(i I t mtitX t t l l l td a t l ^ r t t l 
t t Ptl t l l ta t f A t t r t i r t t t t t Hit iHtar ^ t t t a t i t lrttff^ 
ppoptrlitt t f t t l t r iaat tro t l iXl I t H t t tat l iAtA* 
frta Hit tx9tFlttttii^ lavttllprtlidQ t t t t i t t i f 
fomMlita at A l t t t t t t i a^ttt* St eta bt t t t t l td t i Ihtl t 
375 5-0 
As — 771771' 
ps4 Sjfiear force !§asafuiKt'm of she<irP^dneaiaL/is 
^d>steee5/?E lii2 foy Variouscuuivscovduiovs. 
Xtilt ! • pArllffasflf • •at t t l ia for low «^t i «ilti««pf At 
bliii M«H«ff m—^m ^« stM 9t $auittto (!«fonMini« 
^•MMO BftVPVillOr ftlli Hi* ft9«l.|«lt6U|laf of ttliS 0000 
•oioXt toyvtvoii fhio itiiKtato «iat tni?! toM aoitlo liioniA 
i« f««t te pmrf le«l.ftr omooo of tuioic ssao loiolo tor 
l i i ^ oottlfM i i * * i i • l^io 1^ 90 of ft99roo«i to ttotol 
oottioir proUoa io liooovor laOiiloir* 
•t irffMit li«^»« 4 malwr of temmrmw mt9 t r U i t t 
•syiftU m9 |li««»i^M •£ iiii» timisii id mttX mtting* 
Zt t t mgtm^Hi ^ i rMt t * if«r«iMt (12)t 
ttiAtf tut «iil9 vat bor« M r U i »• ftMsttaiMitM •t tkt« 
•«li«3l iM»r f isM tetttf «9«niK ii9imr« M i att ^ U M * 
L M ttti si^fttitor (9) mftmt^A mat li)« ibip w r l v«* tut 
« m « i out • •«• •KS«rt«iftl« v i ^ a fl«« io e»«firaiair 
iisatlftA i t M l i or Hoatoi to ift«»afeoooMo vlttiool ooy 
•opportoA «io oxflKittatioa ^ iraoot »•« MtrOlioftt Hiot iiiio 
tlio «ii9 ««• bom e«rloi I t teo ttioar fora* 
HoftriKSen C2) Mpportot thRt i t tho oiiiff woo 
bora otirlodv I t soot Oo holi in oontaot with tho tool 
mmtf bf tr|«tio« Oft tdio f«k« aiirfaM* vhllo i t foot m 
f i o t u tool foroo ! • trimoittttofl at tho tool t i f t Oa tbo 
other baai Maroliaat ($> Mirf«otai ttiat tbo aoatett iMtwooa 
ohl9 aai tool «ao tHa roaal^ t of tlio loeaS^  »artlBlaa Oatt* 
oaUiP of tJia atiii with «io aaxims aoraaX pressuieaotioir 
at ^o alAila of t ^ aoatatt* dmmwr ao tha aayariaoata 
with «b« photo •2.«e«ri9 l««iai<ia« as miH • • ili»ft villi 
Hi* %w9 p«r« l»ol ibova tbf MxlKiiK ao^MiX ••% * l Wk9 
«itt |«# •i«Ni •< tHo t t t l # F«3lMr 4k Oi^ y (15) tnm tti«ir 
Mf»»iM«ts tAwf «&• • ! « • f i lA teflbftitiM tti«t Hi* m^ip 
lfft» liwm Ml&Ci l l tiM ib«WP SOM Mid bA» to «dM « 
t t i t f t«l Willi Hio Itol.*^ tl i i» fivoc r i i i to o toftlott siiAUr 
i« mHm I t M olaotit ootlfttt ^^»i«t m ly l i f t i i r Ai i • 
nm% mwtmm* this stelosMil i « laoar^ aimiiol lb* okotrvoi 
fa«t tbfti thtm osif ls « 9l««li9 totttett toi»tliior wi«i 
• • OlAtl i* tM t l l t l iMllvtOft tllO tOt3. Mft «li9« 
Olltftrly tost of Hio forotoiaii oxilAiMilio* OMS 
to iMi lua l i f io i ft«a HoAoo fottriibo (14) $mf ttio follotfift* 
omlif l i i A l oitiiftMHot i t tvior to 09i«l«l« tto fioloro of 
mux oa l t i t f yroooM* 
Ottoitor o ^ 9 i « ^ id>ij^  U«o fiolA 00 iliovt 
i t fi|p» {Ba }* Sttiii ft i4i9 i l t t f ioXi ««t obliiitoi I f 
t to iy i t f Hit Atfofwtiot of ft t^tttro v r i i * £*•»* yljilot ot 
miiHi tqttc* ffili Mit f r«f l t t t i l f tor i toi wiHi t A t f f 
tot i t« Hit yrottMi of otttiitfi vftt toAtei&f oto9fti t t i 
tttltiHf «o«t mm oitftitoi t t i t mo protoatt XIM y l t t t 
wtft iHoloirtftplitA t t i Ibt ]i^i9 i i t t f i o l i t wtfft tototfftt* 
toA for ta#i fftlM tttl4i f r ts ^too ibotOfrrftf^t* 
0 8 i t fiiTf' (So) i t ktoiit t t Hit iotftH of 
9&tt l i t t o t t t t t « Ltt Hit t t f«9VOt0tt tbt t i f t t o t t f t i t 
t t t A i t i t t Of Hit t l ^ t t t t t l B iiit« at Hit t t i t f t t t 
(a) ® 






f^Ori^TIOH OF THE lAMN 
giM3ii b« Mf t * fHi* i««ilf» Idiiit i«i»t •v«r slMMtt ••fMa 
M i *««r fttt At 1* Mst N» f«M«v»i U Mr* «lMir B 0« Hill 
r» iunt i r 9i • « » • • v l U ittN 93AM 9« «ii« slrtM •tMla 
tiairra* A^Mff «ti« U M t t ^iAM I M •tmla •« G v iU kt 
•lAMSt m% 0 iiliM i t |«»t ].«at« «fo« 9a|«t §# 
At ff«fto«tlf tsiilAlmi «!• Hot A I i t f i f C5^ ) 
Attt liftft toat «tr«at t t f i t f t l9t f i t t t i Hit at t t r t t t t t 
haft «t IM r«XI*vt« ttntir Hit ftrl l itr U t f t l t i ttit 
t l t a t i t aXoan m% t t r t t t ftlitiritir atat* 
r t r tUL l^t yrtittital aattrial imign art ttraia 
bMrtoaitf ^9 iiitar tlrtatlH tar i t t ateoriiair la tiit 
tattaidllty t f i^tar toftfiM«i»««^ Xt wiH M tairtlf a t i t r t t t t i 
frt« tht teftff«ali8i uri i 9tttti i i at wtU aa t r t t ti|i«(5C) 
aafl a i t t fraa Hit ti^rttraffa that Hit atttatany Atar 
i t f t iwinta t f Hit Hiif ^artrt at faritaa aattiaa lf2t>t«**B 
art t t f t iMav is al.tt t«pttt t i t9 bt hiiiitr at B that at 
a t t t i t t •«*«5tS»tf A> Hitftftrt i t a ttraia foariti^air 
•attriaai KA <^  &# ^  K^  ^ K^ ^MM^^B «*itrt X at Hit alt itatt 
aUtar ttftairHi H tbt wittriti^ at a parti taUr t t t t i ta* 
Htatt Hit Itattb r»^irt« t f Hit ttraia rtXitviat 
Btatf tr tat »tl«t toatatt attt aai tm txytotti t t N utitt 
Hiatt aa i t f ly* {5C ) • 
«t« tM^tff latk Hitar ttraia ftitfraa mwm ia 
n t « iSh } P% i t Hit ttraia i^Pt^rtitaal t t ttt Ui fHi •t 
* t a r rtJlittiaff atttt t t r r t ^ ^ a i i ^ t t tUt Hitar t ta i i t l ta 
m% • vliUy* %% %• m^i»9X ieiMrs •tmlft i«f t l« Hit «il«fi«l 
VMS I t ! • f « l U f t i df str^Mf & ! • i «« i * i a t t M l t • , v tU 
4^f«ii tfftt in* MifVitvH •f df t t i * ftt B ! • • • •« Hi* ttmift 
St *m* mwt « I U H 9ff«ttt«r i f itraltt *% « ! • bl iMr ft«4 i M U 
I f mt ainiU l« itVf Afplf l«« % i « dOAMpt «« cut variMs 
• i t t l M 1» 2t 9t ""••""*B t f llM #219 «»• 9r<»slilii«l •lriii« IVm tli« 
fb««i vtrslB y iU M l«f t In t i t sbiy • ! !%• vcrlM* 
• • • t U M tUMm tii« I h l ^ t t M vtiat «b«tt X«r«r t r t M liit U«t 
Afti* ulit^ii I t etr«l« t9m% Sit itmlB tiHI* vtrt it lt lftUf 
f t raUt l vlUL iiAVt itffftr f t t ldnti mttr t^iwlt MAT tiM ^ t i 
iiiDt t t i tMU t f yttlittui tiitftr slralt i t t r ^ t trt« Mff t t t 
• t Hit tfiif« ^ • f t f t r t iri»«a l^t irrmift iaairot I3ia )»9«Qiaiy AC 
pir l i|r f t# i ft tftt«ti»» of ib« fVftlA vUX ttttirt r t t tx t l i i fvta 
%• i l f f •»•«•• i t Hit y* 911814 ibtftr iitf«l«t cat«f I IM I«tf«i 
t f IIM «y»l«« »!••• tut «il9 i t t itt itt ONI tfttlltttniiMr t t * 
• r t t t t ls t wUl ««ttt t t f t t Blutt eupllfti t f t t t tHif* 
• i t t tn^ l l t t l . ttl^itlttt tat bt dtr l f t i f t r 
• I r t i t tMitti Mt «t t M l t l t M l i t f t r w t i t t »f ttit tfiif 
i M to o^titAt (Hily Hvttl^r) glttta I t « M fstb of 
tftt * l i floi% l i t # i l f m^ lit fttMtoi ftt Hit t t tv t i 
i t « i (fv9« twrvti N ta 11^019) »ttiftt ibt t t t lo t of yt i t 
\ 
W O R K 
F : 
b«Qdifi"' Xd»il8« l»9t the ^ip mrl radUe ( i^  ) prodtiMi 
ilia t9 ftnl^ral %«aaotti^  of obi|i ourJL aft4 Utat tti* tfiip 
ottrl rftAlnt is fimeBA %9 (a^) iwtf^ aeo of th% oostaai* 
ia.ao«i l« la« oaif flow #attif whlea oaaMt adAtti»t«I 
9hl9 oiirXI«t# £h9 AtitisplldA saae in tli9 i«rlvati9« »f 
«h€ ttoXtttioii ftr« as fdlXoirs i 
1* Srsssvtrss ssetion n i i i ^ &m pXaas «tr£ats t»dadifi^  
rssftltts pilftts ftftsr bendiiif* 
?• Ldttirltaillii&l flbsrs of th« bar p^r^IsX to tht <}*atral 
side tttrnt^ ostt aetiaii sti e:-..!^  othsr* 
3* Tbs CHI Id r skirfAO® is lit t<iii8l9fi Ihs sirs! a Inoroasas 
tfltb dssjpsasliif radius of eanratarsf tbs iasiis 
surf ass is s»is«%s4il td G^taprtssids thsoriti sally ths 
strala ftr« o jiaX in stefiiltud® and are irl^sa liy lbs 
wHars B. m iNisdian i^adiiis* 
% m ^ i ^ i s s s »f ftbift 
4« iSis rnrt^Ut»« tn thft (tiip tlii<^Mss is Odsstaat 
vlisa t^ip hm&k9v uaeil to that 9t 9laia tsoX* 
?iir* <6 ) • • surffios m B.% m dlstaaea t fraa tea aatur 
•ataraX surf ass s? tosooaas s* ii* mtUr farttisr bsadia# 
9f eblp* ^ » aidiUdS at «tr«ib ia a , dutf ts ftirthsr 
ceodiiar by mipw'^eBakeiP i s gi^^a, u$ 
21 
^ e g ' " ' - "^ C<i * 'f) ( * • &*) -O^a + I ) • 
iM>'<<—M>ilMliilWI»li—I J •nwi iiiWinWWinwi wnwi-^anwi 






g » f i 
a^ Q 
c\ • t ) t 
-R,(^*S«i) 
• %^ <^ •l)^) 
^^ • t^"^  * ^1^^ 
\ - -s se 
•MiMMHNM«i««IMhM» 
a- (4 
A C = i i * ( « • St) • If ^ • ift < « *»j|M>#iHi»>-W|»it^W» « i t -J< , 
(«9 * f ) ^ 
~ <•••» tuMmmmtimmmAm 
%%^^t a^ 
24 
1°" ' •• • If ( "'jj'"' •^ - ' I ) 
& 1 
^•^ SftifcR iJiFf iteUi? 
of I t s A l « voao^o* tito •ax;i«u« oiooi^attoa of tut mi» 
vatortal. h^t&v tlio i>oiat of tho ehlp cas tterpo tnrosi^ 
%uo tiottga of ttio tool l^iie OQadtlidQ Mill, be 
uliopo 1 la tlio Btraia at vnioh th« i^ip aiavariaX ia 
r»ptuz%i tg ^^ ^'*^ *^ <^ P tihlekaaaa a ta tiia ^aaxlaas 
raaios of mirvatttjpa viieo tha potot of ohip raatHiaa to Iha 
&:.tt6a of t0ol gbaaH ?I<5'# i ^ i ) 
Thoft IHia f^ator tfhi(^ ilettnilaa ^ a imip braakiap 
Urtotlf mm OOIJF four Itase ^^  tgt a^ asdt 8 vbiab ara 
LUntl-ng coiiditlovof^cKipbreakhg 
2G 
ltiel.itd«« i t t<ia«n9« (1) t v l U h% AftttralMi Milaif toy 
«ii« Mittrtt l . t« i t mt»*g v i U bf vari«i I f wtt l f t f fltUfcUtu 
satfi as ftwi t M i U t t «iw«i r»k« ft«|il«f wi$,9 tuttlfti t<ii« ft 
fttirU •«#• t^ wlU hftft l«ll«Al« r«X&tioK wifli in* r»AI«i t i 
«iip a t v « l r t l« •£ «b« ibl9 mrtfAwr*' As «i« ciiif i s MSSlitMA 
• • m wrf»« imm f l a t i s« »•• •«« unA i6A««A «t tliMS »ol«ltt 
•MMlf St Hhs slil» iHTisiisr tits mm i»isss stt« t s t l Ostk* ^ 
I s Ii«r4 to tM ptrsBSsi* fhs hsliiit »f tosX liisgk v l U iisfs ssst 
tstiBsts t» I . • a^ wiU liavs tioiMVsr X S M sifsst ss tbs «bi» 
brsttklafr thsQ E^  ^ s bssausb ^ is Isiraor larirsr tbss R^ * 
Tv9 parasttsrs &f oliip f ^rsatt^t art vsxy isp»rtsst 
vltb r*sp»«t fo ek^ lp tNr«s^iSf# l^ess are dtisMtsr t f tiis tfiip 
Asv el pels asA ths obip Aov tmgX9i^ lbs mit slisilssstsr (Si^) 
sf tbs htl^M ists nhitib ^ « 9kip i9tmi9$ is Aetsniiss ky tbs 
ib||» tottslsr distfisos* Ttf ifsiiS aoirXt of Otelp UrssiMr sni 
ths isSflb ot oostsot Ntssss cfeip ead tool !»• 
tts Steif How ssfXs ffsmiits fros two sfftstSf ratio 
sf oofssr rsAlis to t)is isptii of o<it sad ths IssXIsatlos ssfis 
Sf tool* 
It ths silly I s ssiasi by tiis ohiy brssksr ssi I t 
loss sst asst ^ythsr sbstrsstlsss sftsr Xsairlsir tbs sblp 
iifssksry tits sblp fonts a Hsilx nitoss sans la ysrmilsl to llis 
•als otittlsiP s i is witii a dlsastsir ase^rilsr to f o f w U ( t ) ssi 
s b l ^ tbs Isad aofls stasis to mi« ably flow ssfis • I s 
ft4«M o)»«%nioit»a ar* i 
A) tilt vericpicc* Birtatt tii&t «&& eat i t ff«M«iUf 
b) 39i« tAprt "Q* ot %h« work pitoattit liitorwt«l»ft t t 
W ani tha dit!«r surfaiw of th« v^ rle f itet* 
28 
ff,H .^ ,? I I ^ t , l l 
IMMUUWM* 
vlHi H M f i tv •< tlii» »ft«li or i ts diraattsii* Hgfti* Ibiy 
v i U ftot «MiM M&iUdAfil A*l3r«i«4aii lo • f f te l l^t # i » 
rotaUea %t th« |dlft i« » aailastsa at t» brtsk Hit mif i t 
•vtiy t t t OP tv9 fairtliiH^t »f ^e ^tli« ISiit ftXttivt 
• t f twit l t t wiat t9 mi^ tm Ihioleiitat of «it <lil> i t 
taHi rttaltttiat to ht^taM tho diilp* 
I t ibi t ty9t t toUA oi»ovt«l.o i t plttoi aol^tkort* 
«t2jr I t tut ftHi t f «bt A l f flov to obotio i t t Airottiotf 
utttt tinuotti i»ot«iti tiftttot tro atftJioftit imm^n^ 
tiAIHott^ ttfonwliot of voiHi t tliMrHiti tstrt •m^rm 
t t i tttttt tut tfilf bttottot tare DrltUt t t i trotict* 
I t ttit ftrol irrotf Hit food i t t I t ItWrrtptoi I t 
tft#i rovt^ttllet of «Ho to«9ttttt $ httoo tbo ttvfftto 
f i t l * of «io Jon I t offtettd tiittitllit tool U f t I t I t i t t fo i 
mm mm mmm ttit tot f t t t l t t t^ tjr»t of t o m t i t kttttto of 
29 
mf^ tt fff»tf«i 9f et«9 dt t«0^ £»» tt»« v»yii Mi 9lm 
f»t« tti« 1101% Mi alM «i«f« »ro m nfp^^m or •!•»• »• 
tMl mko* Siurf««»li9 iwalMia «ii« ontilttf •Htm* XI i< . 
r«f»rl«i bf 0»oM (1$) Hint 9m lt}« «^ dXt ap9rt3^ M%«Xy 2*l/t 
tlttts Hi* ft»X l i f t ! • i««rMi««i to ttial of t9«fM«toMl 
tff of luraltf* mit typt of slilp brooicor roqslroi 
80p«mtw anrfftcM of ]?o%nir t oospllcftioi tool dof&nt A«i lb* 
•ftwiffiettiHt«r oosl l« hifii% 
t« «b« MMM ntm9 to# ttirfaoo tinioa of tao 
MibiKoi mttmm aoy Ml M ftfi'ooloi moat bal tuiij^ i t 
iolrlMfttal olioal ia i»a^  v^^l XLfa« j^ owor oooiasplioA 
aaltlif fofMS Mi Iho a^ aaraoy £^ IU« Jotot Bill llilt vrottf 
HAS ftfy wiio «•• i* lb* iftla»tffi«» t>«6ftai0 o£ ilo oli^^ 
•OMlrnfl&Obf at aiiili^Mi »§w9£' m rtquiroii Itiii ^90 
i£ 0ki9 breoiMr aro l l s i lo i to oiurroif raftrt of OMltio^  
»arMolor« ftM for oatfi lype of tool a«i noit valarlai • 
flia l«lavf«9laa fooi I? 90 eii&9 brosMr aro 
Mbilvtiai iftio ttio follovltf fm irrottf• • 
U 
A froMM oaUoi iirMi4« oblf brMfciaip 
tttlMiiiM «• a ooalroUoi low f ro^ vtoasf tribralioa i« IM 
ilmeltoA of Hio fMi trmnH of a Xaliia lool* tula mmw 
Ivfoaoi nbrftltott la irlvoa M aaf^ttaio aotfi llial ooallMoaa 
iootlSa ihl9a ara IIV^M* praaaturely bf Ida Mlioa of iMl* 
oC u 
to»(»iim|ik «ttd £«%• ibii^ ittlfttif 
«ftaM «!• tff«««if« aitpl&dftMfit of the t t » l U faiy Mm 
lift airoett9« »f f«tfi eatii tho eantlRUoas ohtPt iato 
tUtrn mU «»•!. Xil# vilii tft ^ ««i4« 'MM^ •< M I U M 
rtiii«iair th« aii^i M ^ ##IMI^ fe iiiUaMAt •£ MtH fikralaff 
•ll«*ft villi eiaatrd M I T M U O and alaatro 4ywuil« taiMs 
•aa ^ vaatMaaiai far operatloB oa fraquaaaUa raaniair 
f ra« & la idd §/•« 
I I irr a f9aail ^ a l raXla^t eblf braakar aoonrai 
a l a U Iba lata alt re l a i afwafta aad faada «?aad M la 7 $ M 
n/iNIa aaa fa«« G«06 • • • • M t n 
Hia laat aa loal> l l t a a^aiaalai kf tibia MHiai 
i^aa lamtap a i a asilttflr apaai af 5tO to f^ if/kia aa« a 
t99i af 0«0€ ••««/rav« fha avarsir« Xifo t« aaataal&aaal 
laralaiP wta Uv «9$lli«t i^ ai?« ae ia ViHralMy laraiiir Wm 
t t a U f a «aa l€ t Mt«i U tainitiP wtH) a I to l llppai «t«i 
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aaa f««(l 9f 0«Q6m/vtm fti« wt%mm tool UU wis 10«it 
«••!> Xl£« MS ^wo ftM ft baU tlftta irroaUr • • •«*«•# ly 
Bftf»ti<^(17}« 
Ko33!?tt ••ichlQlnp' tttftode are ch^r GtorisMd 6# tli« 
Him »f taet •i»«4ot hlfb pow-sr , aa l t l^o tddiian a»4 lb« 
•ttHvlidtt of prtiaa9tl!>n* fhoso ctir ct@rital»i9& oaa b« 
•Q«it«ir«d liy tho proper c^ntr:-! : ! tlis irior&tsi^ R ^o i i iM i 
AnrlftiP ^ « proe^ns* so as ttils problaa la ovtrMM ky 
AftftHftr lilt vibraHottt •xistltiir durlnr afiidit«ltt# »i«ratioft* 
Bat tlilft §mitl»m l « taofsoviietiUf n l^irod bf viHliMim tho 
• i l f •x«tt«A fibffttioft for i^lp btmkifkfp* laAieal iribrfttloft 
«ftioi^r«U.# la tbt eaoiiifio tool oper^ttoo tvo otiirytettl 
liy foivtftv (1$)* ^xttxwOly •xoitoa nbrntoiy c l i i t f bftrltir 
tliotv • « • aoarat of •fttfiigp for exoitatloftt ftfo •M»ll««t«< 
tft do^fft* tlio iS9 of ooJif oMltoi nbfmtioft I s ia t t i i i t o t i l i 
I f tho ovttitir proMoa i t to l f t for mw roUftUo tfilf 
Itfoaklttpp la 8ift9l>tr* std ••»A9«&a i^4 t baaaiiM tlioM io • • 
•aoa of Mpdreto oatiroo of «aori9» 
% lafartlftff aa miAitioiMiL •ofoaoat to tbo tool I t 
iba i i f tet l9ft of ^ t fooi i^lob at proiatanitaot laataato 
at Of tua faai aovaaaat ar vitbAtaua of tba tool f ro* tba c 
32 
firtviit lb« AiiltltiAlL to^ eivtaitt ft«a tii« •dft«ti«f«)iU 
S4 
ftna ft!}9«i»r fro&v* ftrvulMr ! • iti»%m i« flf»(9^* s«t»sa 
»•• f l f«f ^ « %«tt«r tool. l t f« thftii f irst C M * titMtiM t f 
I ts ttrotir M t t t i f t^iw btft tHU tjri^ of obif toftiOMr Is 
v«v| AifntiiXt to prnm tli« mii^r of eoatralUttfr AiattsiM 
tus «Mf«r ^ « prr»«v« to tiM w t t i t r tipt tho 
wiM rsJlmlftUiS Is tUs oHif bMskiiMr 9ro«sss« fiovtftr tUs 
ssttli^ sifs is vssiisssi sat «iis tftss IssAs to oiil99i««r 
of «ls siiMi* HIS HHW sbonid bs as Ur ss »osrtlil.s fros 
llio si f t kst vit^ l i k s JMMtfli • ! «i« e«it*st tostifsss tlis 
filly si^ ^ s tosl fslM £ftfl*» 1^ « i^s* sf ^ t frsovs ratios 
feias trsst Ittfliissss ss tlis Mfs of ths tos9i» as tfsUL ss tUs 
ihi9 tofsskisf prsssss* 
^ i l t i i i i iH i,iiiii iiiimflHigiiiii 
ttt* #is9s sf HIS i l i lf brssitsr tfastiMS fros 
ttts iprosvs^ps to ths stsp tf po this v lU Sfiiis ssrt ssiy 
Is tilsilsir »rossss sttdt slss Iltslt ^s sailMr of psrssotsrs* 
«!• stsf tyfo eiii9 broolcsr is liiovQ is ?lft {3 )t 
I iiliiit <ltlf i i f t i l ic • 
Fig 09 J 
3G 
Si« al.s«»tft Hrjpa alil9 lif*itlE«r wrt wMlvliaA 
MiM «i#i l i l«f Villi wmSiX i«»«b t f m% «f «• vr 
• i l l i i f l f iiVMt*v laiM Hit yi&iM t f «(• w»m rmilvt »f tti« 
tto^ iKvtrt • fli« ihis» v iU %m%%r tht vial bf«iik«r liiiiii -
tftflftt* I I t9 tviat ! • t9 II oplral 
¥h«ft v»riil«jir ifi«i 1^*^ « a U «••« rftl^tf lte« 
«liif is fWPBwa ln%» UBf? TOllst siniaWr ehlp fftiltkwiftft 
I t wil l t>« O'^ sti? %9 li!;«ak« 
AS i««v«ft«i U ^i» ttlft^ i f tliA «iilp (ttkfti ! • ft« 
•bit la ^a »!••••€ «iri»lftB% i»9lb ISMI MIIA «iki» torasltar 
ili«« Miaaii^ ttia laJOaaaaa o£ ^a Xattar aa tua miF 
^faakltf traaaaa* 
Bia f i ra l atapa af tba aala snip bfaakar takaa 
aaia af «tiiv raattaai aaA mi^ t»faslii«i at aaaU faai rataa 
iata tba aaaaai alap^ vaiia* af aartstara af t&a aiii» 
iwaraaaaa wtA ahlf Uraakia^ la aaoatnart Zha iblf la krakaa 
airalaal tba aataai ataira af ttia $9^^fm aal tha olilp 
bfaakiaff aa^aaaa I s repPiL-J W/VA Huresv^t ihatc^ip deforjmi^ 
arid chi'f hreaHii)^ iver&aseg Kiuilk '=^y. I'p.cTease 
la mi9 ttiiikaaaa» SItaa mm hiUal- lafafMitiaa af Hia 
^ I f tefaaia aa l^t aattltf naaaatfy of ^a ahflrat ably 
hwtitm atafa «ia iattar laHitaaaa ably br«aklaff • « • • 
at laa« r a ^ aaab tbat tba i^lf ava brokaa aalalf bf tba 
38 
Xnatrts aro provided vLth a built up tdirt i s 
^ i p br«alcerf She ireoMtry of ohip breaker la so deei^aed 
that poeilivs rake onttiiiff i s adiieved and the ohtp 
breakittisf i s effective on a wide coabiaatios of feeds aad 
depilie of eat* ffee ohip breakia^ diasrran for ia^rt etyrles 
SVigi« S I H M ••t» S W N M , 2 H M » « 1 , *'• ff^^«o 
la tip* (fo)« 
39 
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f«Mi|t *n^^ 9t (^if broader la «••• at f««d« 
MiWrUa <^ f$ 70t5 
Site ff»i« lAte i«lM 8ia« rAkt e&it M I M 
• 
«6 ••*• •^» • € • 
f f i t 10 1i t» m f 4 t» «i6 2^ i s H fx 
70 «• too 19 It $* 10 «» 7s £•$ X U %m 
Of%r 100 If tsi Sn 10 tt €x 2*4 X U 4x 
%0 probX** df XoKjT 8bip eoaieif out i«iil« 
t«rBi«lf AHOtilt MtaXs ft« Xmrg^ tpttds ttiXX •xlsta 
i t ^ « laanttry* 2li« ablp bvaakar is « obild bori oat 
9t MOtSBitjT* A« idaal. Qhip l»roaltor wilj. !>• O M iiliiob 
l i t t t «ki« c&ip froM tut taeX tmw oarritB i t to th« 
X«v«l 9f tl}« obip braakar aH io a iraatXa and aoft 
mf9 sad i;if« i t paraaoaBt ourX ao that thaaa ara la tar 
brokaa ieto 20r5 tara oaly aX a l l faoda aad waada 
raafriftf fros rauKii taraifif to fiaiiti iad opamtioaa aaai 
ia aatoaatio aaabinaar la autowitia maiiiaaa Hia taol 
mat ba aqaipad v i ^ aash a ebip braakar abitli aataaati 
•oallf adopta to tha oattiair aoaditioaa laadiaf to 
prajtarrad typa of obipa at a l l otittiair ooaditioaa* 
ma M i a aritaria for jadi^ iaiF tha parforaaaaa 
of a Qhip braakar i t t|pa of ship produaadr Uadar a 
aat of eattiaff ooaditioa* la tha daaina of autoaatie 
ehip braakara aoaa aritaria ihal l alae ba ooaaidarad 
whitfi Mjr iadlaata tha bof iaiair of forMtioB^aadof 
brokaa or ovar brokaa tjrpa of ^ ipa* Two uaoftl paraaa-
tar Bay oarva ^ i a parpoaaf 
1* faajwratiira 
2* ?oroa 
Xhaaa tvo ori tar lal hafa alao baaa diaoaaoad 
ia tha foUowiapF parafrapbat 
&r«ak«r art daaatfttft ial» Ihraa lypaa sririaaUf 
9r99»M4 by 3mat (IS)* 
t* Mctdottaiidiia ^ i p * 
2f aoatiaiiaiia ibl»a ( aiMaa liypa ) 
5* etatlieiaaa mi»9 vi«i N i l l «» aifrat 
if 
iiq»arimat oa«ataa««A fcf Gbaafifmsaal {19)/iav «ar^a 
ataal at a oaai t4ii3 f t $9fO ana fa«at 0*0$ ta 0*4 aai 
Saptii 9f aat O»0$ to 0*?»*«« r^ t tha ftUavlafr lyya af 
ohlpa at ditforaat futtinr eoaaittlOBa* 
1 (a> Xaflaltt SiaXiiwat 
M opaa iaiarailaat ealXa* 
2«(a} Oatttlaaeaa apimX* 
(1») dlaaiA latamlttaat toi l * 
M « ) Shartwf^^ toraitao aai^a* 
4t<a) f lat apaa mitm 
(b) iMttaa apaa aar^a af 1 ar tva (8) taraa* 
$•(•) sarrataA balf ^raa* 
(^) sofvatai riti^9Q§ 
Uim) aoatittiaaa Hy»m Cait^sat mapa) 
4. 
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ftai £«f^ 9i out ifti«r tto «&aAltU«s »t t f c M t t t i art 
Villi tll« |ft«rotli««it« »f »fe«llitU (# l t f toMOMr) 
HtftrlkMtt (^ )f 
i * strftifdit vitu ft tttcy l.iirp« mwX rii«l«ftf 
l i l t Io f l« l l» l i « l i »» * 
iv« i«t«f«itt««« e»«atet«d ( 2 »r 9 tiirftt } 
f • fiiXI t«rftft* 
f i« Hftif t«m»f 
t r i l l * fraiMWtts* 
, 8tr«ii^'t AAd imarUftii Ijfpt »t tbl^ nif* f i t * i t 
tmir«9»s »r»bl«Mi ^iX$ mBmiuinif hiiiii iiNitd* £litr«toft 
45 
«• 5hove££mg mi9» ti$ mnfflkmu {2 )• 
IV H M rtcttHar tat«r«ltt«fttft ^ I h 2 t r 9 ttirfi M i fk« tnU 
wSilflb tli9»# t^9«« art 9roat2<t«a oon^tltatt Iht pwUvfH 
raart i f f t t i M A 9ii^% %im tliroaili i^« pr«f«rr«i r»«i« 
fftitttoi M t toy HatrllCMat iha ftb.>y« rtoir* is tsksi ss 
tlis f fu f t r rv i rtsfvs £sr Ifos hiiAi produetisi sicsis* 
^tittStios sooiitids iii i^h shs9 fsqsirss 
fvrssHU soHifMstts im i>sasna sot thsvsfsrs itoXs sf 
s immtaX psrptss siiscmtisr* Is lars 9t stii^s i t assss s 
wiatst ysssiMLs rssirs •£ fssds ooosisUst vilh s tsol l i f s 
viiiirii is s«il4 ss«s9«^3iS m»i)izli is slifiiiUf ahsrlsr sr 
IsTfsr t^ss rsqsirt i f :^ r l i i i^ trsMsliss %ssls« 
?sr ffsssral fttrftss toal vs tas ^sfsfsrs 
iss3UiAs ittfiuitis )isXi»8 sod ssrisitt ssoust t f lislf 
tarss ss t&Uft ss t h ^ fosait is tht sistart witt Isrirs 
•biys» 
Xsfisits ^si iais ^ps s£ ibiy srs ssisr ssstrsl 
sttA sss tot guided ssavislisUjr is ttis ^ i 9 »sa sf 
tiM sssliisa* 
As 3i9air &B $h9 half turss rassia is the 
9ixt«cs w i ^ l{irir« ehiyst ^sy art sat taa iiarS ss tbs tsal 
aadl osn )»s aoosptsi oa gliart ^m ^ali* 
iG 
it-.' v^ ii 




FULL lUl . fJS 1«! 
^ er E f^,.; 
R^ ' -UL / . k 
/ U, i -JL-
i.' ! < 
{^r.'!: r T - : r i : ' ! • : 3 
' • • ^ ^ - C v -
SKfcRL 
SlRAl '^ i iT 
FI '^ /2 ME>Jp.:GK:HH-5C'-Asri;-:cATi<?V 
OFCHI^S, 
4 r 
Bttt «li«tt hiilf ttim* ii»p«fu* i t Imetm %«ft»nijes a«i 
fniiPttt«t« «• hAV« (if«r bviMiiltt^ 9f tti« * l f • • • ! tiit tool 
flile •xpa«ti»tt 9t tiMabl* raa#« t f ftMtytebi* tkip 
•t«9lltii%« ft VMAbl* v«ii« H t99im «f ^ I M U L * Ha iMMrai 
yar^w ttais a«d ttraaUf «f I t tw/ce • • iarM sa »raf«rra 
rmmm f<ae»Maaia« far li^iili yr^iaaliai taal* 
$f t 
Xai#ajraftti<* H attttlnf ta«L iafaaifta M Ha 
iaalti«f aoadlU^a (i^ata « imi9§ M i iaytli t f tMl) 
m9M C29) litta jploitai t a l t l i t Uw9 s^ •»••€ M i f«ai* 
Hta iraaulta tfi»iit tbal ttia aattitpr taal «aai9ir«««'* fafiaa 





<• «j|f *^ 
• K j i ^ 
• • • w * * * * ! ! * ! ) 
«•••«•••(t) 
t**«»»«*(9) 
vnafft t la ma tai^* i t •O 
If la tatHvir immi In i /al t t 
f la i99% w^vav 
i l a ie]yihofe\)ti'n7ii<T). 
:8 
9iiff«M««v for tH« 4A«l4liMr tit* tjfm 9i mif »tf»dttM«« 
ttt^nr ^ t I^UftwItir 8teftt«l9« m& iwU$ ^ft wttlAf 
t t t i l t l»«t toal tti^r&titf* witu m »b«%iiol« duty i f t t i i 
ZtrtY (J.) Hiui •ig»«£tMtlftUjr dftfttiiiAti Wiikt 
mmM ^ M99 w»9fcltt^  v l t i ti£f«rtat lAiip l»r«»)Mf 
§!•««««••• 2b« «ittt |^ i9tm9 Mit lli« Mltlaii r«tit 
• t f i fvt vlilit rtMW • ! • u r i i ftiftliiMi f rm Ilia 
•t i t l ttf •€«• «li« A l t tetakar i«t««i«Ma M aiilHMMl 
^Qtt Hi* ^19 lirei^Ar aiatatot Is rt iatai ttM 
ii itt la twmi away fipea Ilia tttH faaa aai tNi ailaal 
at taal amy aaataat la »@4Hiaa«ii 9aa ta tbia tiMfi la 
aa lAMaaaa la Hia apialfia aanaO. pvaaaiva aai a 
irap ta Iba aaaa aaatflalaat 9f laal faaa fnallaa* ma 
iiit«ar JLaa«a i» ft raiaailaa la oatslat vatlaaattlait 
fwraaa aai ala9 af to«painitaxa« mafafava l« %m §mmm$ 
mm$ a va^iatlaa la Ulia ataa aaaf l l a lMt at tviaHta* 
49 
*' th«\lnl%iiUi Urm MA Vim oattiat r a t i * i« »•>••§•>< t i 
%9% v i i ^ vim &ft tMm^Fnliirt but vili) a «rtf« 
I f «ki« I t a l Is iiatr«ifi» A froav* • • H M froat 
ftl two v«ii»ii Ci*o* b«ti««#ii «b9 oatnoi •Aft iitti ««• 
ffipt»f« A«A My9tt4 lb« ii>90f»)f by ifeatfiiif ^ « i i • ! » • • • 
• f ttt« m^roftt ^ t Mtttlttf •ditt ana ^i« wUtti §£ tte 
0fpmw9» XI «»• 99MibX« 10 s^ auoo ftrtifitlAU^ tt« 
« n a •< tofttfttt b«t«»«a «blp aaa t to l <««• «ii«t t i i t i « • • 
ioao «li« ttqptmtnni aro^^d aLi|ihU| # whUat tlit 
tba aattlair rfiU» aXaa 4rei^ p«A«^  
Zba aiqwriaaataa. iafaatt^Hoaa aoadaataA 
bsr Ilia aalb»r aa t^la vane alas ahava that tha taoX 
taafavatata falXa wltb tha ptnaaaae 9t eliip ataakav 
^•% tba tl«a of fliit9^ffaaii|af oaoara* 
RoUlfl^ aaataat abl ; brtakar la faaai ta ba 
aafa affaativa la rataaiar tba taaX taaparatata t&aa Hia 
aliilair aaatsat aliip bfaaliar toal^* Tlila nay idaaba Aaa 
ta ffaaaailoa la abi^ taal aaataat laaatti* 
3lia Pttaaita also iodloeta that aa a partial 
al.ar faaa wiAta aa laiKi mm affaativa ahlp tofaaaiair aaa 
taklar 9laea tenfaratarft reTiMtnreetaaaataat* Sbaa taa^* 
Mf fierye a vaiy i^ ooi tanaalar ta 4ata»laa tha 
affaativa bffaaklaa af ahli^ under ^  aat •£ aattlaf aaailtft 
;n u-J 
8tt«« tootli tlftstlo Mil iHftttlt tefdrmtlst oootirt 
is %lit etiC«i«f p7»<NiMi» %it« inyiir l>«iaff oat t w r t i forMt 
tti« ortwi •tftiooai snift »£ tUt iiMiit tfiif ••« tb« ttliiM 
»f dtfofmd Mtal. ft&a eosMKitttfitl^  the fr^sHr lb« rttitlwMi 
•£ «%• Mtel. to ilily fdCMitldft aM tb« lerjrtr lb« f»r«t« 
^s * ' f * x^ * vUi> b« ia Mi l lar j^rtotM* 
mmv f^ » wttittf t r tftaf«fiUmi fortt «tiL«ti 
i» t«iip«At %9 %ii« MrfftM 9f th« eat M A efMt4«» vtlh 
tht airtetlM of tii« fflMsy (MitiM ••t lot* 
P_ • Axial. »r fdal fdrca aatliif paraUtl t t 
x 
th» tft>rk axis la a ftiraati^a a99(»iri.air tiia faai aatiaa* 
f « taAlai ftrao attlaf la a htiriaaatal 
flaaa pffv^tttltalar ta tha axir of Hia iit^« 
Ift iaanitaAlaal t4raiai t^a iaflAi of aat haa 
a ipraat off aat aa tlia aattitfr tataa ttiaa tlia rata of 
faai* I f «»• iaplb of aat ta laeiraaaad for axaapla t twafali 
tba atath of ^a ttaoat eitlp ia aHao iaoraaaai ir tva falAf 
ooaaoqaaatlf ^a laai oa l^ a tooJ^  Ovnaaoi bf tlia foraaa 
aatiaif aa tta fiiaa aa4 Umiak wiH alaa Inaraaaa tva faXit 
ol 
Wnv9 K • 1 
tsi« tiftoiil ftbif ruMilftiftp iai« tMt f I t s t i i tt l iMM v l l l «b«t 
^ idiibl«d» i^tta ••ijf tii« #4#»i««8 that 4^t«ntt«9 tti« f t r M 
fli« ^•i»9fti«««t of f9ro« H 06 Hi* rate af ft«A M t 
i)« vi^f^sMA by «ii« f9]b^»y|ii^ «qiaiill9e i 
^« * ^a ^ ^ « r t ( I ^. 1 ) 
A«elr«ta|r 19 firshivoM (21) l i ttit ll«fri»lair t f 
th« fttttlttir i9«94 tii« oiittittf fdred ^^ i * f i rs t r^ AttotA 
b«omoM «h« £9rMitlot 9f littUt il9 C^INI be^ iTiiTij «Bi Mttlt ir 
ftfUri* • • %ll« M i l l Qp tdf* tS l«&B lime llk« Mttift? ASffX* 
• f ^ 9 t99l AfidI f ir l l i«r itioffitfiet i« eattlAir i999dlf B*?*f« 
f9r« i t l t« i9W9a«ii Ata 9tilH«r ftSfltt is istrssas* Ziitt l9«i« 
«9 ft« iQ«r9«s9 l« Htm fg» 
ms tfnaiiff* in « i tU«t f9r9« v&tii • m%afm ift 
•HiiiAir aissi I s lass is9s»is«l »« tus s9P9slSir <ssl9r is 
His prsssss sf Asfftvasiiftt sf His m%ta teisf MsbissA» 
f)2 
i#eaa ts ala9 li« to ^ e reiiiOtiDa i t lh« «»liii« t f tli« 
fw» atr lat of •xptrl itftt ws^ aarrttt ditt «t A i f f t r t t t 
•ittttor •ptast with Mxlsiitt aittaoM t£ «t)i9 lir«alc«r tr tv Hit 
tMttliif aiirttf 91* 1 • 1d3«f«* (dlp^rntf* «bi9 4 l i tot t M * 
0iiif breftlMr an A irilb a «i«tMa« 9f Jl « 9««a« viiaa «ia tbtf 
brt«li«r eatiati Iht mk9 turist laid a l l ^ l i^iral but 414 
aat lirtalK i t * Sua axpariMttl tfidv that tlie attttiaiF tortaa 
icii %]i« ealttitf ratla otiaafa ^apandlnr oa ttia atttUapr apatit 
viiaa worieia^ iritb aiffaraat ahtf brealtar Aialaaaa* 
lat^rtstla^ r t ts l ta aro obtmlati aliaa tiiralan 
with %tolkm bftviar i l f faraat i^dii »f ettrfatafa at tlia 
•iittlair aiirat (tettlar aijia at toola aatA la smk9%im ara 
Qot fraaare^y 4bavp Intt hava eartria aliitet raiitia af 
eunffitavt* Tbi^ radiaa la fataraXlf aa aaaU ttiat i t 
daaa aat tiava aar aiattifieaat iafXiiaaaa oa flbif faraatiaa 
praaaaat whaa t^a raALaa of mtv&%\iP9 af tba aattiaa ai^a 
i« iaaraaaiA tha wia^ of i^alaet af oltip witti froat wrfaat 
daaraaaaa aai ^ a aaaa tNtapa^lara of aoataat kari if 
oHaa#a m'i aXX* 
2omf (1) alao 0:mm,iiU^ th t tba iafl«aa#t af «ia 
t«a9«ratai^8 Oft tha roaia^a^aa to iafaraatlaa at Mia 
asataat Xtyar vi lbia tua chip la aavana «i«a lata tbaa 
ftf a»«ilil»tt« »f Utmm%i9m villi In <^if» 0o«t««l inytv 
ili9« ^ttt til* mam ittfl{i«t«t of t«iqwr«t«ni §• Hit r t i i t t * 
• M i t» i t f t n M t i M in I h l t ]>ai«r urt At«»i9ftil«A y^ uliU 
fmt«« t f i«ftraiitt»«* 
54 
i^ « l i ^ t #/8 
SI ! • lilat t»it«i|A3l t:) katv Hit f t r t t t 
i»v|M iti»iiXi b« I ts l i fMi M A ai«l •btait ft iraliift i f 
i ft«a • ftft#i lliftt # i idl flfft :L»fts% f t r t t 9ft Ibft Qlii» 
brftftk*r f i t * (/^i?) 
laii l C 28 ) lift* M i * ittvftftitiPftllftft t f 
itriMfttuOL fftfttftft H tmalA Iffft t f Dfftftfttfttttr* 
fht fttftftirtfttftt 9f tirt t»ft»twil» »f ftrttft wllb ftttOf 
•trtirftti «yftftftofttttr vtimy.ti tiiftt tUt f t r t i t t l 
ttft^tttftl Ift ftirftlfloiiftilf«Mdltr ttiftft tut litrifttfttal 
•omtfttfti* Alt I f t t t t r ^ l i f 90 * 70 tiftta U r f t v ttiftft 
tilt ftfViPt xiilft r t m l t i t f t i f inftrtftftt Mtftstt I t 
tHirfftfttt ti itt tht tlAK^Ifti i f t i t M t t tot Itoiiirftti t t villi 
ttftft< «^t iliglftttfttftt ^ft t t tut i i t r l t t t t f t l f t r t t 
55" 
tafft«l«it t» froftftt Hit @ i^» bffoamr t» I t f l • ! • • • 
tii» t«Hl«a^ «»ivtM«t I t t l f t a l i litXyltp ttit «ii9 
bvttitr i»4ft ftt «i« eittHvff UPMA !•«(««••• UM 
h&rltMttl ftPtt etf^vttut Use ittf i obMrf«i itwrttttif 
«•« ].ltt*«rtf • Att iatrtftflt IK Hit «•!«• of h H%AB !• 
r» i t t t tbi t i9rm§ I t &•• alts bttt |Milttt4 M * I t H0*Q3(^ 
tlitt ably t t i ^ vt^ttt I t tv t t t t villi ftti«KtTC tlto 
I t I t vtrtk t t t i t i tbtt t&t l»rtt I t tXiityt « M U for 
flttUtr vtltt t l # • 
^* iaUltf gaaiiil flili iinltg 
Mtfift«ita3Jf ftilastftbU i l l i ^ kiiidi»» i « iibl«i «b« »Li4i«# 
M lb * r«k« ffttt t f Hi* ItiSk itt tec m^ •t ibl»«* 
A«0»rtl»iP t» HttriHlftift (2} i t 9v«Mftt ift # i i » 
1« 19 i«9r9V9 ill9 t l99tb ftfti tf— f l9V Mt f t l 
fttrSti 1^9 l99l.* 
2t f9 r»daQ9 •xl9V«iX mti iMlMPtftl f n 9 t i » » « 
9* f9 9 i i « i t a t 9 filMNlti9« i9«r999 19 ittfr9V« 
w e i i i t i t i • f f i f i i M f i Mr£m99 ^iM^ily mU 
AU nm t^vm iii»9f9»9it9 Aft ftfliii9f«i vim 
a«9*8«B# 1119 t b i f fl9ir t i r f l * mm II19 i f t iUf t i i l i i f 9 i i l 
r f t i i«» v i U M M i l l t 9 i i 9 i i f « r Hit SMMI tft99 n i i l l i »•€ 
«ll9 9MMI iM0im 9i i l l i9 bV9«il|(|i Siy to9 9 b U i t 9 i i f 
• U i i l i f f ^ 9 9lii# hntkmf W9UMf ftt ft iMffm ii9tftft99 itvm 
t»g i H 9 Vliftft i i ite i irfft99 l i«tft«t 9lii9 hV9Mi&W9 fli«9 
r9i9«it«r llift l w f 9 « « * * ^ » * * • • * • • • • ^ •^•^ 
2* fli9 «9ftr • • Hift hwmtMMW |b»9 fft99 wy i 9 r9i«994 ftfti 
Hftttft •llalifttiiir Mtftwii^ Hw utiaiiit 9t tiis 4199 lft99« 
9* if ifttH^ #ii9 %v9ftkli«r Mf iw 9t9ftmi fftr ft wf§» wmm 
U i 
3* ift«otiv» tki9 brMlcitir My bt tfttirci for m viit 
•f m * l » br««ktr at iQiltfit«a abttt i t lb«l iligiU 
Umi wim «li^ Mi« tf ftliclyttttloA » mis is •s»t9l«i 
$• ?«rM Mliiff •« Hit i l i f ^Mftlwr mag kt rviiMi ! • • 
tt AMUNI tf iiiiiiif ttttttt ft rtUitff tttlttt* 
•^2 JHftMiil Jl ifiigtl* 
Ikt atHiMiit tf tt«it«Ht«ti ilii» brttkitii 
•ttit i liftt Uttt itftlt9ti l9 Httrikttt (2)i filMilM (28)f 
atbVMMiiat t«i IMittMlitfft (lO) tsi tHitrt* 
Bit «t#iMiit tf ftUiti tttlatt #ii9 tifttkitir 
kttti t« M^itMtittl atiil 9rt9ttti Iv 8trtj t t l Nttttt (M) 
Hir*(/4) i«iit»ttt| Hit ftdMtrittl tymtftattttf MM 
iiiiiitf ttttttt tftiif trttntr s»o*Oi^  ftti atiiitt tfttutt 
tbit hwtk»r it tu tut ftUtifi«i mmn trintfftwa ttititt 
vi^ ttvt vtict ttflA Ittt Uttt NM« ttttati iHif Unl ttttett 
Ittttt )ltt iMMt ttfilttttit 
Ofo&f tt;rUttff tttMP l« IHMt tif t tf ttrUttt 
ftttitt ttrUtir wt ii4t ttfiliii fit*^ US) 99ik^ tt ttrlitf 
ktt Vttfi tItiitA iitrt toi i t tXk tiunit ttttt trttttttt^ 
iff ttttitf i t ttttMi vit&i t ttt3l ftiM ttflt •quX U ttrt 
toti. tbif tttlttt l^ tiMrili i t Milttltit 
sur^«8t«d by HaMedallab (7)» i s ooneidoriBir by tti« 
author In oalealatiag thd chip flow olrol« radii* 1!h« 
•isplifiod geoMtrieal arraogoBont of R*C«C*B hafa baaa 
i^ova in ^iif* {/4 ) 
Iha forwiXa givan by tha Haaaodullah (7) for 
ealoalation of chip flow cir^a radiua 3^ ia 
K • JS • --£ 
2{2r+fty) 2 
Vhara tf » Width of l&a oantraof rollar 
h « Ihiaicttaaa of t^« sapportiag b l o ^ balov ttxa 
rollarr 
r • aollar radias* 
a^ • (Ship now oirela radiua^ 
6.3 ffttf Itaiil 9t H*gfQ.aI 
!£ha distaao* of rollar froa tha tool tip ia oalltd 
tiia faoe width* Aa tha faoo wid1& will iaaraaat tha «iiip flo^ 
olrtla radiaa wil i iaeroftae and tool l i f« will iaeraaao* 
Maxima and «ini»ia fao« vidt^ for affaotiva ibip braalciag 
dep«Bde on tha auttinn aptod and faad and tha rollar ais«* 
fha baa* collar aiea ba ona largaat Yalua of aaxiaaa faaa 
width to awoid axoasai^a loading of ^a tool bit* 
Iha rollar aiaa of tha lAiip braakar haa a graat 
affaot on tha ship flaw olrole radiuasr Uaaaedallah (7) 
haa givan an analytioal aolution for tha diip flew airala 
radliufi audi pitan a formiXa for t^« oalatiXatioa o£ 
.^ -: aoa«r Orthagoaal eutsiai? «oaaili9tta*ihaa a90«G«B tool 
U vl4ti9tt« roXa.«r mk9999% bltoek* 
«c - ^ 1 . 
\m«r« v^ « wL«1li 9t tha oaatra of reUar* 
If 
r • ralXor radi«a« 
?r»tt ^ a abova foraiaa «a aro aaalsir § i f «• IM09 t 
tkia widldi of ^ a aoatra of a roXXar ooastast aai latraaao 
l&a roIXar alaa tHa fliilp £Lav o l r^a radiaa aaaraaaoat 
haaaa wmrs affactlQir ohip braaicli^ wilX ba aaaarad* 
HaaaaiaXlah (7) Haa ^wu thaorallaaXljr liaat roXXar 
aisa abaXX vafy batifaaa i %9 € • • « • t bat tbroafrti txpani* 
V\/er€ hek/'n^" 
aataX lavaatliratloTi / arrtva at tba baat raXXar ataa 
for affaativa obtp braakiif at larira mtsbar of apaoA aai 
faaia vltbeat radaoian tha affooti^ra Biaima faaa width 
bayottd a aartala Xiait* Hia authora Haa eoodaatad a 
aartaa of aiq^ri«oat to aaeartaia a baat roXXar alaa for 
a«CfC*B tooX* 
6*4 ^twitlir iiJaJm 
Sba roXXar aiaa of ohlp breatear ^aa a irraat 
of foot oa tha ohip fXow elreXa radlaa* HaaaadaXXah (7) 
haa irlvaa aa aaaXytioaX aoXatloa for tha flblp fXow olraXa 
radiaa aad irtvaa tha foraaXa for tha oaXoaXatioa of E. 
aadar or^ovoaaX aatt&ftf* 
''2 1 
a «iW„ / 2(2r + hr) + Iij, / 2 
^ I ^ .J 
Where W « Width of the centre of the roller 
r "> Roller radiua* 
hr •Eilakness'of'Jth'd Ba|)portiag'bloc* below the roller 
a « Chip flow elrcle rafllus* 
?ro>i the abcve fornttla we are eealttir that of If 
we deep the width of the centre of roller and heii&t 
of the roller eonetanty then Increaae the roller size* 
fhe oblp flow radius deoraaseSf henoe aore effeetive 
c^ip brealelaif will be ensured* 
Haaaedttllah (7) has shown theorltloally that roller 
slae shall VBVi between 2 to 6 man* U n i t tboronii^  experl* 
aental Investl^atloR ^ arrive at the bast roller else 
for effeotlve oftiip breaklnif at lar/sre nunber of speed and 
feed» wltihout reduolng the effeotlve alnlaua face width 
beyond a eertala Halt* TD.% autiior has ooadaoted a series 
of experlvent to asoertaln the best roller else of 
'Qi% position of the roller on the tool faoe 
In the only parameter whloh resialas to vary tiie ship 
flow clrole ridlus henee the extent of chip breakUf at 
various outtlng conditions* She best position of the roller 
I s mA that tli« fihlp etrllHi i t at oitib M ftar^t tli«t 
Hiif tkf 99^X1$ i i f tsf l frst ^ « t»»i fnot M i f l f « t 
ft p«r«tii0tl m r l v» lliftt ^ f tM &r« tertk«tt i t t9 9fff«rr«i 
I f p« i f iltipt* 
f»r 111* •Ottf•?•!•• of a«6»0*B* tftti U A«0«0«t* 
t t « l Ibt y t U t r tft to i»« wiio to oatoaatioaUf M M t to 
tiio fltttiif ooailtloK fttti oocMisr Hio boot yooitiot 
oftiov tbO0O oofiiitiottf ThorofoFO ttto f lrot oto9 i * ttilo 
iofol99«ORt v l l l . bo tho ootalAliiiMOfit Of tho optlioo 
990ltlott of 1^ 0 rollor ot Alfforoot oottloir oooHtlooo M i 
iatintflotloQ of prsmt^rts st tho esooBiair oHlpo ootlot 
00 tiio folXor tmaor thot« (^anaitlooof oo tliooo %w wm H 
•oov&oi tOjTOt^ or* 
70 owifoo ftt tbo boot pool ti900 of tno voUor o 
tiiroiioii oAiorotftBiiai of M#iaaioo of ttoip for«otto«t ib i f 
tool, ooatvttat X*m^9 ^i9 m^itm and olit» brookton lo 
OMOStiid.* 
itiiilftiiiiiiliiiii»iiiiiili nliiiiinliiiiinuiwiii 
* * JtMBJOyBBMBHI m 1111 iiiwTiMBMyBMyfcMfc 
T9 SftiJb«BRMUUHMk 
"mm MtttriAl ••^••l«i for «b« •«9«riMital. wark 
i&A 3840 ftMiilabI* Itt tlie vayli^ityt I I i t •xlMMlf l i i f tU* 
f i t t«f ttAliWtlia tfllf ftt ftU m# AfAllftblt fMi« ! * • • 
• it i l tfr «i«ii»iil ^ I f bMalMVS* 
Kii»w« teat toatiftaant tfblp ur* ^roivMt • ! 
htili tiitHaiP ««X««in«« aiMl lldv £t«i f«l«»» I t »r t t l l t t 
Uliili tti^fftlNlvt ttiitt bf Uliii «^tA t t t U t f t M t t l t t I t 
ttftttltiF f f ^it t»tl« 
I t ttit tspti iatt l txt9t«9t ttlHtir 
• t t i i t l t t t r t t t U f t t i «» r t i^ t l t ttit t t f U t l t f t t t t»l 
at i tr t i i trtM tittlt ir oot i iHtt t t twt t td itfblte I t t l . 
I t t i l . t t i t i« Hit a t l t ta f t t t t i t t i tbit t t t l t r t hiri^ vt« 
iiavitttt eta f t t i t twttt %9 Ktiort 
mt ••Xt9H»t 9i t ta t t t t i ttr l i l i t t l9t 
t r t Utttd 9t ^9 f tUtv l t f i U M l f l t t t l o t * A t mwm at l t 
A«ttlf loftt itt tbltfi tfft »«tt« liiPttilf •« ttM ^9t t f 
• t i t H t l I t iM l i l t t i tfft I 
G4 
%) Otfiii«» mf« tilt A for Mi<^ittift« tfitrl ^ityHiff 
MiUrlals mm nrwtmi i» "k" ra&f* t f ftf9liMH»a« 
•} 0«ff^li«« «••€ f»v MiA^iftlAi the saUrtal ^im U t 
)»«tii««« U«ir «bi»9&»i? ana #i»rt «it99l«t t M ffrtuHi 
i% "H* MftiM t f ap9a.it&ti9at 
Hi* st | t r frv»tt9« fti% «r< l^« wteiif i i t i ••§ 
WHS Hi* mmi^% i f •ttlaMVlfMr Xtiatiif •if»rft« t» t tM i t 
ft ttftlv^ygftlt •Iftsftsvi vti^ftsiiir iMUMtaiiU tfttUMi §••§• 
mia ! • latim «• fso la tiia iataraatlaaa^ ariraaiiiailaa 
far ataatarilaaliaa favaaA ta 194^ lital iadaatrlailaai 
^aairlaa ara ata attfbar sf ibia ^nfaalaaUaa taalii lat 
lai la i*t#i la rtpraaaalat by Xadtaa siaaAari laatitatloa 
(S8l ) i Saallalat Iba aaaia^ly 9t a a^ aaoa ataaAari far 
taaaalsa aav l^Aa lipa aai %»alt ma X 8 S bar* ai»9tai tlia 
Z*8*0 raeawwaiatiaa la 1$ t ai6a • 19680 afaa HiaaiAi^  taa 
atitaiart ara «^alf lai aaA aaanfaatartra aftaylad taa 
aaaa far tiia aMfiaaaaa af aarkatlair Ilia aaaafaatarara 
liftva iiiair aaa a»ia aad tquUaieat of iso r^aote 
la rav 9f tua t0wf praAta aar9aaa« rrate 8^  
ar aiialfalaat im traia »3& l» aaUatait fba aaadvitfi 
aaraaaat Mftalaptta M8a la Q|^ 3|^ • mia —w^fm alia 










^*^* t i l l Ptiliri 
tm inm R*C«a«l« t«»a. need hf HMMtMIlnli ( 7 ) 
fli« r» l l t r •a i t to ra»t la a sssielreaXsr t nrfntvc 
•fti« I t lii« i«v«Jl taM of a abd** mim ^•^mQ»B9 tool 
io«« iWt §nwi§9 m txvo roll l i i^ otMitaet ^otwooa tba 
ibi> a«i tfaatbataiila* fh l t ooatnot Is fartXy roXllair aaa 
partif alliitpF* Otter toaa faoa width a tbo ohlp «otat 
mmm nmm tHa Follir# &«37 ard aaaitisaaUy 9arX«A fey tui 
bovaX faaa of tHa b i o ^ ufiilAi* tha roU<>r« .^ftT^afgra i t t 
fthla Aaatpt tho aatl&ar liaa triaa to raiaoa ttia M«d#C*B« 
t a i l to t itftaly roUitir eott-aat ota ^ Mfcitt tHa 
rtAXmf •nA» lAt i t tiit forba »f a ttotlit raatitir at Hit 
rara faaa* ma i^ oXa r^lX&f f%td forbad bXoak aaaoaHly i t 
•aia ta at iai^ i t a ^i^t&ota bf taata af a aavaa a t i 
t t t arr t tnat l t t aa liitift I t UffHak, m «iat atadlat 
•at ba Mia at i i f fa ra t t aiaea sf roliara # Aiffaratt 
f t fka i blaalia t f t t t o i a t i l^a roilar a t i forliai tXaait 
aeaattOf la abatpaif ta mUi^ me affaat of i i f faraat 
rei lar aiaaat 
fba aivarlttatt vaa aoiiiaatai lif £aia (29> 
far otaiy af ^raaaara aaortaa ^ tba Obif braakarfUoMc* 
fba aiparitatt rafaalta tbat tha v ir t iaai aotyatatt 
f^ ia aiirtifiaatt]^ atallar than ttia bariaaatal 
ooRpotatt t^m ma la t tar l>aitir 30, ta 70 tlMia Umar 
that tba far«ar« fbia raat i t giaw that tha rvaaltian 
aait aoat ba ioii irtai to withataai tha iiasXaaaaatt 











7*^ t u^ ltf|„„gif,iii,itnli 
hf m% fttiitot^ i» i^t t t t i lAbft I t tiiit u«i«i%«« th« 
w9tk I t «i«ttt< 9tt l i t XtHit I t tut fttvtti —ttty t t i 
I t ItttJ^ttti ttm Ibt MMBlilttt m% l i t litSiltir 9tltttft 
fbt ttttliMr t90«l (tfiftHc I t Itttl^nttd frttt Hit «i%trlal 1^ 
t t t t itt«i.fitift« aRttHtik (f ibft I t tttti I t Hilt t t t t ) t 
stttt «tt t«t»f* I t i t t tml ta I t tx t f tMl i t i t U tf t 
trfttr t f a ftv i4&l| fi^tt*^ A vlft I t hnmi ot Hit r t tr 
t t i of tht tttltltf t t t l itiaiilc« fHlt virt ftrat tbt 
tx t t t t l t t • I t t i t f t t t tXtattt t t t t ly tilt tttlltff «»«^ 
t f Iftit i^tnK»t«t9lt eta Is toimtetea to o;?e t t ra l t t l 
»f tilt iMttttrlftir iaatraaiftt s l l i l f ^ t a t l t r ( t*il« «8a ) 
btttttttt tht tool vdxk Jutdtltt att t t t tlie k)ob'« 4tMtltt« 
3ht work ^ t l i I t tht ti^atii prtptitf I t t t l t t t i liy M t t t 
t f f U r t t f i t t t I t etttttttA t t tilt t t f t t l f t t t fvl t i^ 
of (f«li* m 22) tUttr l taUy tbrttili tiit tttrttfy f t t l * 
af»99tr mn I t tttti I t sjLi tut tttttttittt mt ttttib 
of tut tool vtffii mtfatttaflt I t Atvi i t flvt (i6 )• 
3»i»« fata i>i»afi i f Ciiip a.M.r. in 
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'i99l t«pp«rftlar« s ta iUs an s*C«a«B« to^Xs with 
flifferti 9 l»«ir«I aarlo tt">9e ^9v th@ folloviiiff 
l i i t«r««tl«r r tenl ts* 
«) 9ro« r i f « ( 2 ) t t ««« bt addQ ^ ^ t f«e« v l i t l i 3«$•••« 
with u w»U t»r9k»ft tuip r«ifi#o th« %9?:L t««^f«t i i r t 
for ftU im« f«tfl« «r« bl«h«»% S9t 30» B«v«l M N T U 
^99 t9V ft 49* S«0*0*B* t9&X the t9«p* nt i i f f « f « t t 
fM«« lira viniaii* ti9«9 a iI«finlto ft«a l«v«I Ma 
%ii«t siorttt iiy m% ft partitttXar f«fti 0*1 fftr >«9«*«« 
tftOft viitfti ftsA f*ftilift9 ^ft I«y«]i 9t tft^NiTfttarft 
•litftFVftA Vill i %* .*3i :• >• a« ihie toad Xtvfti thtft 
•iffht &d &«• to a fliiaoeo faotor* Tftspftraliirft tw 
Itiitft 45* s*C*a*d# ttd;^ imrt saftUftA aimi«ftt Fiip»(5}f 
f gr dif£«f«st fftdft vUth thft ftfiiiift t r«t i f t «»• obtftfVtA 
ia a l l Hit •aaftft* 
2i# tosA s«ai«ratiir« «tefttf>a9l«rfttiaa^ '^V '^ 
3*a»d*B* l i a a l»««yM« lb* >a« s«a«a«3« obara«t«rftti§ 
aat «ift 4S* s«0«O«a« Qbaraeteretio* 
ftia raasdii far ^aiiiirhftf t»oi l«i|»t 
for 30* s«0«0«B« t90ls M f t»« duft t» Hiptiar ia i» 
tool aoataet laair^ aa l a oitad liy ^:»r«f (1)« ma 
hi i^er taB9» for tha aaae £99^9 aai faoa v i i t l i itiova 
by m^ l*g.a«&« oe^part ta 45* s*C*G«B« Mgr ba 
daa to iiarA oiiif iiraalciaf at 60* toaval aairlat ao 
dllek: In tffl|ptr«i%at« dbMnroA lit « MrtAln f««A 
for a 4$* S*C*a*B« %9&X* 
^ i f 09'3pari«t9a t»f ttBi?«i*'tar« di*»m«t«Pitlo far 
43* mad §0^ s«a«C«3« Hiows tl-^ ^^ t the tftspemtare of 
450 S*C*C«B* %t t9«i»6rBtare laortaoes vltli intttrtaat 
Ift f««d at ft Atalarfttla,? riita t&malv, aXaaat ooaataat 
far a UH raaira aa* lues'e&i* taaptratura ia iaoalar-
ataa bat9ftft a l a t l 0«0f «»B»/raff aa la abava la 
fi ift (4)f 
fa^i^valiira ariataot^fatla af iO" s«0«a«B« 
f i r * (4) i^iaaa laat tha tattparatara r^aala aaaataat 
a^ta Otd6ai^r«f• £«*^ ^»« i t laaraataa at aa aaaala* 
ratai rata ti^ta Of t W r v tliaa afaia baaasa aaaataat 
bat afr^avar laval titaa far 45*s«C«a*S* taal ao aaiar 
brtkaa tsuip mn abtalaaa wltb 3d«s«a*0*fi« taaX far 
a faaa vl i l l i af &«6Mat l^arafara tha tavparatara 
c^nraotaratla ««f aat plattai* 
a) I t a«a aaaa froa flirt (5) 
a) far 9var brakaa #iip 30« aaa £0* s*o«0*B« taoX 
taaparatara «taraattratle aba^A axaat alallar 
traatai taayaratara raaalalaf at a aaaataat Xfi»«ar 
Xaval tt9ta Ota6im/ravaXutl»a faaA thaa laaraaalaf 
at a oanalaat rata ftibeiqaaatl# baaaaaa aaaataat bat 
at a blidiar XafaX a faai abava 9%9 tm/nw* Ilia 
t9«i>«rritiir»/>0* S*C«C*B« to;)i ar« obatwtdf %9 bt 
hl9ii«r th»n tii« <«•?• for 6a» ;i«a«C»B« Ual far 
for a 49* S«C«C«B« %9Q1. ttiiAtr lb* fftot vlAtb 
•^ ivlttr ov«r broicen iiiip» tb9 ttn^ratart obttrf«d 1«M 
than thfiM tor bdth ^ t 5^ ° ftoa 60« SOQB totXSf Msrwovar 
tha t««p«rattir« riaaia^a eoaalaot iipta 0*09 B*a*/rtv« 
than aroppad a Xtttiis ana apaia r^aaia odaataat a«11aa/toi 
a) fltr* (6) ana (7) tlvaa a eaapariai^a of aaxiaya 
aai BiaiMia faaa wl&tli for affaottta obip braakiaf 
for 30Oy 4$*f aaa 6O0 SCCSB* It oaa ba aaaa fraa 
thaea ftjpurta tbr^ t 43'* \:aB rivaa baa^  raaulta 
baeauaa alaiatia faoa wldtb reoaiaa eoaataat for a 
btirbaat raai^ of faofl aad at a faaa width arouad 
laad 0*09 Mi/rftY* a aoeaad »19» oectira aod a^aia 
rooaiaa ooataat aftar a faad of 0«04e«/r«f« at a 
hlffbar lavai* vim ^« aod 60« aaeBa Ihara la ao 
rairaXar traad la m« variatioa of ntalaua faoa 
width for affaatira ohip braaHlar at dlffaraat faada* 
Hlalaao faoa wld^ for affaotlva ehlp braamair aro 
lowor for width eoaparad to 45**seaB* 
atudiaa of aaxlaaa;at dlffairaat faad for 
?ifr*(6} ahow 60«SooB to ba aivaatairaoaa b«oauao of 
hii^ar fneo width aaadad bat tht hi«har alalaua 
fftC0 width for a partlotilar aet of eoodltiea la 
II* frsB fiw9 (a) and (9) th« foUavtot oonoXutiotts 
b« iirawQ rt^arUiir ®i« i C C B too£ t 
ii) mo Itst «9«9«ratar» Inoroaeas viDi isortaat la 
-fe©i, t-jo' taaparritur© ol-iornettralle» far 
Atff«raat roUar ^sas dsnot aaov aqf •iaiiaritjr 
ia WiiHr taat af \rariatl9B « Juaiiaat taol 
taspariitaraa ftpd al>aanraa tar aU tha taafta far 
7*6B«a# iio«3* Horaovart tha taai^ratara 
^aaraataratioa at at^ar rsliar aista m9w a 
rialap t»«iia vith iQOifaaaa In faaAt i^ta 7*6M 
E a C B rtiawa a ArdppiAf» ormr etsratiaa apto a 
oartalo lavaX df ^aai and tnan Intraaata bat 
avao ^tUv this fa^ A tha taoX taa9«ratara far 
To^ mi aC(S^  ia m^i iasa Od^araA td otbar a C 0 Ba 
as eatt ba aoaa frss flir (3)* Bila aay prova to 
ba tha Y baat raliar ei^a* fiff* (9) ftiso aiiava t 
^Ht for ataiaaa faea wiatii at affaatlva oblp 
braaiciof ti^ ia tao^aratara a£ 7*6««a* iCOB drapa 
with laoraaat in fM4 ttpto a oartala faad iaval 
thao iaoraaaaa a ]i.ttXa vilaia atiort faad raara 
aad aabaaquaatly reoatna aaaataat at a aaab lawar 
Xaval ^an for othar ti«a«a»Ba* 
b) Ooaparlaoo of mtf)l»i» aad stexinaa faoa widtti 
for affaotlva #iip brsr^ diai^  for diffaraat roilar 
aiaaa fro* tip* (tO) & (11} @»9wa ^at th« aaxiaiia 
aad niainia faoa vidt for 8*7«*a* itOCB ara tha 
1. 
f««a Paiiir* Ofer wiicii tat »axl»un and •Iniwin 
faot »#iatto far • i f«c%lw tr i l f bwaitlt^ acouptd 
i s l a r r t r for » 7*6 »•»• AOCB f9«9ar«a t» a#7«»»« 
iOCS» rhls pammtor l e a^altt I s fafour »f 7»6»i 
HCCB to bft prs f t r r ta* 
o) B«oa)i8« df th« availabla Xatiit i s atfailabl* btiat 
U9t nao^ i rLivId add ales boeaaes avaiXatiX* aat9Kiti( 
faeda baUir Xlaitad t •xparlnaata vm ooadaatai 
oitl^ ttpto 0*11««/r@v* feeds and prob&bla faad 
atapa 99%9 a partioalsr tOOB aajr w»rtc aatiafaotarli) 
lo breaklQir tht t^ip l a found oa tha aaaaapHoa 
|hat for avary tarn of ehlp oaa aora faed atap 
OBQ ba rona ahtad* ?or exaspla i t at a ftad of 0«11 
n. p'\rtlo«ilar a w C 3 at a eartftia faoa wldlto f^vai? 
'> tar« oh LPS ti^aa i t i@ aaauuad ^ a t i t oay 
aatiafaotoriXy bt99k tha ^ i p ieto ooa or two tt tna 
9t9n it V w9 3 sora t&«^ stapa abova* ua thia 
aasttsptisfi Iba frobabXe food etapa for affaativa 
#)i|^ra»|iQ|p fa r t i f i a r a a t il«C»C«Ba baa baaa 
onXottlfttad and plotted a^ainet tbe ro i lar aiaa 
ia F||», 0 2 > * ti*'8» (12) asd (15) irtiov tbat 
7*^*«» roXlar vi lX irorK aati afaotoriXjr upto a 
M x i m a probabla food stapa witb tha variacioa of 
1«*«« ia faoa wLdtb* 
fiir* ( t 2 ) flbowa ^n% tba Imat taap 
1 ( Z 
with aiffartnt ralltr slaes* a t IMXIWI* f«»d 
r^m^ lariQf ^ioh toa;^ * r3iaiii«d Odactaal vilh 
•ff«otlf« ohip breakers trUl t»« for acCBt witi 
roller Bi»«8 Ijfiii? botv«efi aroaai ^•^••s* to 
7*6m» with i U ti)« ab9V« etudtet i t «a« Ht 
09fittliift«a that tb« best roXXer alM £or a ICOB 
will t>« around * 7*^mi« 
III* 
a) 9r9M fijp* (t3) i t 0'a be eeea that the evea 
•iaiaiia faee widt^ for etfeotive ehiy breaicisir, 
for a beat alaat a G 0 a are on eh hifher ttiaa 
the aaxiaaa £ o& width for 60»SCQB for al l feedat 
whloh ahowa that a«G«Q*^ « ta definitely aaperier 
to s*C«a*8 tool* 
b) froa n#* (14) i t o'a e^ ooaoladed that at 
^ e r a e ei>e#d and feed the tool teaperstture 
for E*C*C«B« tool i s Is^er that for S*C*C«B« tool* 
e) ?ir» (11^ ) ahova th«-t th@ sainiatia faee width for 
effeetive ^ i p brea^lair fot for the beat .iOOB 
tool ar@ ht^er thaa evea tiie aaxiaua faee widfii 
for the beat SCOB taol* Aad alao i t eae be 
obear#ed that the preferred feed ranires ef the 
beat ri*G*a«s* tool are aXaa •aoii wider thaa the 
='p3a ths abDVe lilseasBiDii the oat rdsalts 
eaa b« Mitawirised as foXlowe t 
1* fh« tool t««p«rfttttr9 doerdasoe with «h« introduetioa 
of any obstaelt typo ^Ip breaker la the path of tho ( 
Qbip ttodar tho m9» euttia^ oonditiottst 
2* a»C«C*B* tool i s Bueh eup^rlor to a s*C«0«B tool , 
broaklaf tbo ehip aoro offootivaly aad also i» 
roapoot of thair poaittoaLnir oa tba tool faoa* Alao 
tha tool toaparatara wi^ i.a«c«B ara lewar for 
R«C*CfB« toola aa oospaiad to S«C*G*B* tools uadar 
tha aaaa Goaattiooi« £ 
3* fha baet S*C*C*B« tool i s 4^ « baval anirlai tool 
and tha bast afC«0*B« tool in vi^ a rollar 
diaaat^r aroiiod 7*^ •«»• wnim i a i s ooaflmity 
with rollar 0«z^ taatativaly reconsaadai b. 
Haaaaiiilleh (16)« thaoritioaliy aa tha aoUar 
Srze raooMwndad toy hia i» 2 to 0 atB* 
i i l i i l i «A i iiimiiiiiiHil^ ili'iiTi.iiiii4iiw»TSiiimr*€ iiirfMi I iWl 
2* Haarikaaat i»£« " BaXaaoai BaslirB i fUi #it th« obtp • 
BreaHor ta y^ar Job" Aaarieaa Maohiaia 
A»rU 1954, PP117* 
3* l«aa» i*a« nod scbitffar, B»w« « ma^ry »£ Plaaliaily 
Hp^iiad l9 a praiiiaa af 
^^ahialair** Jdaraal ef 
appiiaa itoobaaiaa fdi 13« 
£raaa« ASMi, iral*?^* 19^1 
pp 405-415 
4* Hi^a» a^s* "taaa obaaarali^n of Jiip Oarl la tba natal 
eattla? ^tjtm&m aadar ortha^daal aarrlair 
adttiitioaa" fmaaadtloas of ASiii« May 1955t 
yal.75, I»«4, 99 531* 
5* Haranaatf Ki.i* « Basa MeoHaoioa df l^«aX Cattiaf i'rooaaa' 
Joaraal. t^ f appXiad Maoliaaiea Vol-lly 1944 
9*9* 16a *175* 
6« iCiiaar, a««i* «• s^aa ixp^i^ittaiit^ iavaati^atiaa oa 
Maabaaioa »£ ^ip Bj(^^ar% M*i»l!haalat 
Ja» 1972» Qfi^ala aalvarall^t ajfdrabaa* 
7* laaaaiallah, «• • FraXlalftafy lavaati^t iaa oa a ii»lll«r 
aoataat Oilp-Braaliar", ?raaa««laf aa 7lli 
fttsutarof a« Aai i^ltiftir* iQUh ao«10» I960* parta 
FtljtWWftf f* 




12* ^ra»8t » il« fttti 
NtrtoHailty ^•3m 
15* F&latrt y*Bf «a4 
?9iiici#i*» a * u 
sifitdrad Oily Br««li«r* Maehiatry 
«aa Protaetlaa saipia«9riair» mt 1 
f973t 99 574• 
• "tfidaai « I.S (Xitvar syaUa)" V l i i a 
( IQAU) Ltd* , BaaipUra - $€0022 
MI • 60 • 1975* 
I **tlatai aattiatr vitu Otatoatiaaous 
Oilpf Advaaaaa ia iiao&iaa faal 
ixiaipra aad il«attarah*t 9p405| 191^ 
t "Obip 9>9raati9a t f r to l loa aai 
i l ifh qaaLtli^ Maalitaai Sarfaaaa" 
fraaa hSMB 1970* 
I " l^tfiaaloa af artnatoaal Magblalat 
PraeaaAla^ af laa t i ta t loa »f 
la^asteal iiMrtaaariart ^aaAaat 
t93L* \7% l a * 24» 1939t P9 62^i»4« 
t * h mv laplaaatioa »f Hia fbaaa-
!iaa9a of C^l^Kiiirliafi' iiiriair 
Matfitalaff" fraaa* ASMa Sairra for 
l i 0 
15« 330k» M«ii« ao(l • " 2it K.eoiiMiilci DC mlj> oarl ana I t s 
i3y«ict a. a^p«ff 3o» 62 • WA 162» t r . kiM^i 
16* ?«4av««ft ^AM* I: I '*J@ifi^  i«lf 0xoit«a fli>r«tta« for 
atirtorAov* /i»M« Oiip broalciitir" HaoniM »od «ooliftir» 
17« BarmooVf ?*^« t "^i& br@ iciQfr H«tho& ift taraitf 
IS* i rMstf d* t *aijrsiGS of m%^ Otittlaf" Glotivatti 
t9« CbaiUlrftnioif C«8«i "i^t&i dit t iaf faaiiadioiqr ^ai Si»«r* 
iMQ««* Sata »ioarttw * HUi i'uU.iatiiaf 
CO* Lta« f iow iMlhi 197S« 
20* HajLik* s«Ji« t "B9M :Si9<3ri«onlftl laf^atiratiaa oa a 
Oedtra hutHm {Jiodrr rural air wj^iranoa 
H»3#?ro4#0t 1930• 
2 U ArahlaoVf f «»d t '^ Hatai Ott«tiOf Shaory aad foal Daaiira 
aaoataVf a* ^**^ i 'a^lmart t Ifoaicov 1970, pptl9 
22* Saica^amia, %• t **A atuOr oo Chlp-Breakdr* BaUatla of 
4»S»M.^«t foi 5t «<0. 17i 1962. 
25« r»ab?a«aata«y T«L«i -A Mao^eQloe of Qnip Braakara* 1965 
l i ' C 
U s J^ft«t|ft« i«Ii« 
9$% ii««tflkaMt i*i^* 
t7« ii««nkW»t t*X» 
tilfPf 0«X9 
MX Itt i ift MftCbiM f t t l StiAffA Mli 
9ttU»liti*r» Fvt« l .«i* • t97$i » 1 8 AT 
ffftM# Asiil^ f a TSt i9f$t i f »t i -99 
IHtiNb m $ f V»Mt >910) •I9S» 
t « s t M l a f t t t l i m t l t M 91 Oily t i i i 
of AwrWee, p. p. g-r. '^ 
•1W»* 
^ 
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